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PREFACE

Wind is a free form of meotive power which cccurs over the
entire surface of the earth. Unfortunately, this power 1s
irregular and inconstant, it sometimes becomes destructive, and
1t is impossible to regulate it by means of accumulating
reservolrs, as can be done wlth waterfalls.

Although devastating hurricanes are & rare occurrence, never-
fheless, due to their probabillity, the construction of devices
using. wind must- be extremely solid, which greatly increases
their cost price.

Desplte these drawbacks, the use of wind power 1s to advan-
tage, especially in countries without waterfalls, coal or oil.
In. Denmark where this 1s the case, the 1mportance of this
problem has been understood, and in 1891, the King of Denmark
assigned the ¥rench professor Paul :La Cour ithe task of determining
the optimum principles for the design and use of wind motors and
their application to the production of electricity.

For this purpose, a testlng station in Askor) was placed at
his disposal, under a generous annual subsidy.

In 1900, Professor La Cowrhad already obtalned positive
results. He wrote:

. "The establishment of the Askov: testing station is .
a unioue 'phenomenon. One_f‘may find 1t surprising that a
small country like Denmark,. taking a ‘bold’step ahead of any - -others,
is willing to devote such large sums of money to research on
the use of wind power. Nothing could be more natural, however,
considering that this country, which has no waterfalls or ccal,
is exposed to the risk of paying increasingly high rates for
the purchase of fuel from foreign countries . at a time when the
range of uses for machines and the cost of raw materials are
simultaneously 1ncreasing.'

Mr.La Coub's' main proposal was to supply energy for
agricultural uses, and in Askcv he gave one-week courses to
farmers to famiiiarize them with the operation of wind motors
and electrical devices.

This book will be concerned with the work of Professor La Cour:.

France has a plentiful supply of waterfzlls and coagl, al-
though the use of wind motors would help to conserve these
resources. It is the French colonies, however, which have the
greatest interest in bullding windmills: there are already a
great many in Algeria, Tunisia, Morccco and elsewhere. However,
the number of these installations i1s not comparable to the
==
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number in America, where wind motor contractors are mass producing
thousands of units, which are selling rapidly.

One preoject which should not be delayed would be fo set up
slgnaling posts,along main ailrcraft communication lines or desert
crossings, for example; these posts would each consist of a wind
motor,a getieratoras storage battery and a beacon which would be
illuminated “automatically every night by a mechanism which would
be easy to design. This would be wonderful propaganda for wind
motors.

From the standpoint of supplying drinking water to cities and
communities, wind motors have heavy advantages. This is due to
the fact that the French government gives communities who have
been wanting to set up a water supply a subsidy for the 1nstallia-
tion of machlnes and piping, but offers no financlng for the
Tuel or electricity which will operate these machines.

Here the windmill would be ideal, since once it has been
Installed it does not consume power in any form and its annual
maintenance 1s quite minimal. This is why a number of communities
are now building these highly advantageous systems.

At any rate, it is to be regretted that the few windmill
builders in France, who produce excellent systems, are not
encouraged by the government or backed by a large financial
outlay permitting inexpensive mass production.

From a technical standpoilnt, there has been no work in
France {which has collected all the documents and results gained
in this area. This 1s why we have assembled and coordinated,
everything we havée been able to. find to thé best possible extent, with:
the hope that our book will facilitate the dlscovery of Improved
methods for capturing wind power.

Mr. Constantin, engineer and constructor of air-powered
systems, Mssrs. Darrieus and G. Lacrolx, engineers with the
Electro=Mechanical Company, and Mr, Verdeaux, Engineer of Skills
and Manufacturing, have .previded me "with.sclentific research
whose value may be judged by the reader; my sincere thanks to
these englneers.

We should mention the wind wheel testing and comparison

station installed by the Cyclone Companies close to Compilégne
(0ise). Figure 1 is a photograph of this station. ) '
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WIND MOTORS: THEQRY, CONSTRUCTION, ASSEMBLY AND USE
IN BRAWING WATER AND GENERATING ELECTRICITY

R. Champly

Chapter 1. History

Windmills are of very ancient origin. The four-blade Dutch /1%
windmill is generally believed to be the predecessor of those
currently being built, but this is in error, since windmills were
known earlier still in the Orient.

In his History of the Caliphs, Washington Irving states that
a certain Firus, made prisoner by the Persians in about 634 AD,
complained fo the caliph Omar of the heavy taxation which had
been imposed upon him,

The caliph visited Firus's home and saw that the latter, who
was a carpenter, had bullt a windmill.

France was the first country in Europe in which windmilis
were buillt, by one Mabillon in 1105. From France the windmill
spread to England, and in 1332, Bartolomeo Verde introduced them
in Italy.

The Dutch windmlll was invented around the year 1650, probably
by a Flemish carpenter.

These origins of the windmill nave been -outlined by the kakegaard
Wind-Mill Manufacturing Company of Copenhagen (Dermark).

In atound 1840, Berton, a mechanic in Chapelle-Saint-Denis,
close to Paris, improved the blades of earlier windmills by
replacing the canvas with long fir battens ; parallel to the axis
of the blade, which folded back on each other like a bird's
feathers or the blades of a fan .. during  "hurricanes. . A model
of this windmill is in the Conservatoire des arts et métiers
{Conservatory of Arts and Crafts] in Paris.

Thezse battens were folded or expanded by means of a hand- /2
powered rack and pinion mechanlsm, and later on by an automatic
system.

This windmill had four blades and the configuration of the
old Dutch w1ndm111 Wlth pivoting roofing for orientation.

——
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On March 23, 1842, Amédée Durand, a Parisian mechanic, pre-
sented to the Academy of 3Sciences a report on a wind motor
mounted on a pylon made up of four wooden planks. This windmill
had six salls with canvas blades which were gulte similar to the
So-called "brigantine" sails of ships. These blades were oriented
to face into the wind, or they were allowed to float in the N
- direction of the wind during storms, by means of cables termed
"sprits" which were automatically controlled by a counterwelght. _
The orientation of the device was also automatic.

A description and drawings of the Berton and Durand devices
may be found in the fourth velume of Cours d'agriculture [A Course
in Agriculturei by Nadault de Buffon, publlished in 1858 by Victor
Daimont, Paris, pages 212-222. The extenslve reportmmade to the
Academy of Seciences on the Durand wind motor may also be found
there.

Later on this lnventor substituted wooden paddles for his
canvas blades, and a large number of these motors were used to
pump water.

This invention was taken up by the Amerlcans, who made a
number of improvements and built numerous copies with a "7 -
large number of sheet steel blades and ‘automatic orientation and
regulation.

The Danish built excellent models with a small number of
blades per wheel (four or five).

In France, a number of constructors have undertaken the
manufacture of wind turbines and have made improvements 1in them.
These will be mentioned later on, as will be the turbines of
Bollée and A. Dumont, which are based on specialized principles.

The Durand windmill, with 1ts wooden paddles, already
swiveled by means of a rudder, folded back under storm winds and
was brought back into pesition by springs. Thus it opened a
wide field for development along these lines.

With regard to the advances made in France during the initial
use of alr turbines, in his Aide-mémoire des ingénieurs, [Memor-
andum for Engineers], 1892 edition, page 304, J. Claudel notes
that Herpin had supervised the development of a four-blade
windmill of the Berton system in the Indre department. Each
blade was composed of 11 fir planks 1l cm thick, 25 em wide and /3
8 m long, folding in the manner of a parallelogram. -

This windmill drove three pairs of millstones, one in a
sawmill, one in an oilworks, and one for -a-wheat. thresher- it produced
2000~ 2500 hectoliters of ground wheat per year.



There were four windmills on exhibit at the Paris Expositilon
of 1867; these were dlscussed in a report by Mr. Lebleu, Mining

Engineer, which may be found in Debauve's.Manuel de 1'Ingénieur
[Engineer s Manuel] (Duncd), from which the following is taken:

|
Lepaute Mill':Constiuction begun in 1858} #two discs with veins
3 m in diameter, with 16 wooden blades each. Each disc controlled
a c¢hailn pump to raise water. !

Mahoudeau M111. Wheel with six blades, each three mefers
long, slightly inclined into wind. Total area of blades: ten
square meters. The canvas blades were supporfed at their free
end by a flexible spring-activated blade which allowed the canvas
to 1ncline automatically when the wind became too violent.
Swiveldng was automatic.

Formis Mill. Invented by Dellon, Engineer of Bridges and
Causeways. The canvas blades were ftriangular and were supported
by yards which inclined when the wind was ftoo strong, and were
then returned to position by a counterweight. - There were eight
blades on the wheel.

This device was used to @ﬂﬁnxﬁﬁ%ﬁéskﬁtﬁaal + Montpellier and
Séte, and withsteood the mistral quite satisfactorily. ,

Thirion Mill. Built by the . Chitelineau..Company.. ..
This mill had 20 wooden blades in the form of a narrow sector able
to pivot on one _of 'its radii. The regulatory system was based
on centrifugal force: this consisted of countermweights :which
moved away from the horizontal shaft when the windmlll turned too
guickly, and made the blades pivot to a position parallel to the
directlon of the wind.

The Thirion and Formis systems were equipped with hand brakes
which activated a pulley affixed to the main shaft.

Debauve also mentions the Bernard windmill, which received the
wind from behind, making it swivel automatically. The weight of
the wheel was equilibrated by a cast-iron countemeight - and the
laths on which the blades were mcunted were articulated on the
shafts of the blades and maintained by springs which ylelded when
the wind speed was tcoo high.

In his work Die Neur Vindraeder [The New Windmills], A
Hollenberg describes the Eclipse, Excentrique, Ultra-Standard,
Leffel, Bird, Champion and Halladay systems.

The English Journal Engineering gave some descriptions of
English wind motors in 1903, vol. 1, pages 531, 552, and 556,

In 1890 a windmill was bullt at the Sainte-Adresse lighthouse
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In Leé Havre, and in AmeFiea . there were a large number of =small
electrlc plants powered by wind.

England had plants of this type by about 1895, and in Germany
in 1904 there was one generating 220 kW of usable power.

In 1903 the Askov installation in Denmark, which Professor
La Cour had been perfecting since 1891, was powering U450 incandescent
lamps, 2 arc lamps and 2 electric .. motors. The cost price per
kllowatt-hour was barely seven centlmes (gold francs), or approxi-
mately 85 centimes in new francs, & cost much lower than that of
public utilities.

The drawing on the May 1931 issue of the Russian journal
Electrichestvo, La Technique Moderne, in its issue of November 1,
1931, notes that a wind motor installation generating 150 hp per
hour under & 1l0-meter-per-second wind had Just been put into
operation in Sebastopol, in the Crimea.

The wheel of this windmill was 30 m in diameter., and rotated
at 30 rpm with variations of % U ﬁswﬂﬁchVES'quite minimal.

This high regularity made it possible to connect this wind
turbine to an asynchronous generator supplying 220 volts, stepped
up to 6600 volts by means of a statlc converter to power the high-
tension network of the Sebastopol docks.

bince ‘it _was Jmounted on well-lubricated ball bearings,
the windmill was able to start in a wind of 4 m per second, even
though its weight was . .some’ 4000 kg, It was installed on a
steel pylon 25 m high, W1th1a nearby Blapbe-housing ' .. cmmcom. |
the generator, the transformers, and the ordlnary accessories for
this type of installation.

The experiments of Coulomb (1720) in France and Smeaton (1755)
in England, followed by those of Rankine, heavily contributed to
the establishment of theory and practical data for the construction
of meodern windmills. Here is the description of Dutch and Flemish
windmills given in about 1830 by Maison Rustique du XIX® siécle /5
(The 19th Century Rustic Home]:

- "Everyone knows what, a2 windmil, 1o0ks. llke (Flg T2y The o
usual rece;vingxdev1ce for a windmiIl. con81sts “of. blades or vanes.
~affixed perpendicular to the end of a horizontal shaft and uniform-
1y distributed around it. Generally four blades are used; these
are rectangular in shape and their dimensions in the vicinity of
Parils are about 12 m long and about 2 m wide. In the Northern
Department, the length of the blade is 38 and sometimes 13-14 m
against a width of 2 m. Here 1s the description of the character-
istice appearance of windmills in the vicinity of Lille given by
Coulomb.



"l m 67 mm of the width of the blade consists of .-~ canvas
attached to a frame, with the root resting on an extremely light
plank. The joint line between the plank and the canvas, on the
side struck by the wind, forms an appreciably concave angle at
the beginning of the blade which progressively diminishes and
disappears at the tip of the blade. The plece of wood which forms
the arm is located behind this concave angle. The surface of
the canvas forms a curved surface composed of straight lines
perpendicular to the arm of the blade and coinciding at thelr ends;
with the concave angle formed by the Joint between the canvas and -
the plank. The rotating shaft to which the blades are attached is
inclined 8-15° to the horizon."

"Vertical windmills oceur in
varicus forms. PFig. 3. shows a
wooden cage with its inside frame-
work, the entlre structure
rotating at will or with the wind,
by means of . & - rudder to which a
swivel and line have been adapted;
this is what 1s termed "orienting"
the windmill.

. . whose top alone rotates. Here the
- ) cage 1s masonry.

Fig. 2. Dutch windmill with "Sometimes the windmill is
rotating base. constructed in such a way that it
1ls able to orient itself; in these
- . 1 cases it 1s somewhat more compli-
i cated. Experience has shown that
this procedure does not -offer
sufficient advantages to compen-
sate for a structure which is
more costly and more subJect to
repair.l

"The considerable irregularity
and the violence of the wind fre-
| ) T R quently make it necessary to modify
SEET TR T N 1ts force, either to regulate it or
=t ‘ to prevent the windmill from beilng
' ] damaged or overturned. In this
Fig. 3. Interlor of an old case the 'vanes are "stripped" to
windmill rotating on a pivot. ﬂa]gi%en'éftent by folding back the
canvases or blades. A wooden brake
which drags on the inside of the wheel is used to stop the windmill.

1 This 1s no longer true of the mechanisms of modern wind motors,
which always have automatic orientation systems.

"Fig. 4 shows another windmill

/6



Fig. 4. Interior of an old
windmill with rotating head,
mounted on a masonry tower.

Flg. 5 shows the details of

This operation may be performed from
the . outside by means of a line
connected to the spring which sets
this brake in motion.

"In general, when wind 1g
used as motive power 1t acts on
vertical vanes; although horizontal
windmills have frequently been
tested, they are not beling used.
The advantage offered by thls type
of windmill at first glance is the
ability to turn under any wind
without the necessity for orienta-
tion; however, it has the dis-
advantage of presenting no more
than one blade at a time to the
wind, while in ordinary windmills,
the wind acts on all four vanes at
the same time.

construction of a Dutch windmill

used to drain a swamp, with a paddlewheeloperating in a masonry

mill-race.”

Pig. 9. Framework of an old wind-

mill with rotating head, drawing
water by means of a paddle wheel.

In the museum cof the
Naticonal Conservatory of Arts
and Crafts in Parils there is
a collection of small-scale ™
models and drawings of wind-
mills and'"ﬁananemone§."

These models are master-
pleces of precision and
workmanship; however, the
models exhibited are quite old,
and it is extremely unfortunate
that the designers of wind
motors did not consider it
apropos to offer this wonderful
museum small-scale models of
their current inventions and
deslgns., There 1s a regretable
gap in this area. As a result,
young engilneers who come to the
museum to learn are unable to
find any up-to-date examples
of advances in the industrial
use of wind power. For the
following 1list of exhibits I
am extremely indebted to



Mr. Landials, curator of the museum, who was kind enough to go
with me to the glass cases contalining the wind motors. Thls is

a quite valuable list, even though it 1is somewhat outdated, since
it can still serve as a source of information to modern designers
in regard to the inclination of the shaft to the horizon and that
of the blade surfaces to the plane of the wheel,

It may be noted that the efficiency of the old four-hlade
windmills was as good as -- 1if not better than -- that of current
wind motors, and it is therefore valuable.to.study these .
predecessors.

Here 1s the list of models and drawlngs exhibited in the
National Conservatory of Arts and Crafts, 269 rue Sainte-Martin,
Parils: ) ) '

Room 24, Scale models

No. 86. Dutech windmill, rotating on rollers, powering a
sawmill. 1:20 scale model executed by Bulol in 1791, after the
model belonging to the Academy. (see Bulletin de la Société
d'Encouragement, vol. 8, 1809, page 165)

No. 296. Horizontal blade or vertical shaft windmill, by
Clair, donated by the Institute in 1807.

No. 497. "Panemore" driving a vertical grindstone, by
Clair, donated by the Institute in 1807.

N

pl
No. 458, Eyme and Philippe "Panemore-  Tarascon-sur-Rhone,
accepted by museum prior to 1815,

No. 857. Windmill driving a pair of grindstones, masonry
tower, rotating top. 1:15 model by Périer; obtained prior to 1814.

No. 1150, Windmill driying a pair of grindstones, rotating
on a pivot. 1:20 model by Périler; cobtained prior to 1814,

No. 2471. Windmill driving a pump; orientation by rudder;
hand brake; iron frame. 1:20 model bullt by Philippe; obtained
in 1836.

No. 2593. Dutch windmill for drawing water, 1:20 model used

to -drain-the Zeudplatz, close to Gouba. This windmill -dfIves.. .
an Archimedes' screw; the tower is made of wood and the head e

rotates. Obtained in 1840.

No. 3634. "Panemore" built by Tarbé in 1801; obtained in
1849.
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No. 4074, Windmill driving four pairs of grindstones;
entire structure wooden, rotating head: 1:10 model, obtalned
prior to 1849,

No. 5433. Windmill, 1:20 scale model, by Clair; obtained
in 1853.

No. 5549, Windmill mechanism by L. Fanchot, 1:5 scale
model, bullt and donated by the designer in 1854,

No. 7428. Windmill with regulator, Berton system. 1:10
scale model, donated by the Société d'Encouragement [Association
for Encouragement...] in 1866. (see Bulletin, vol. 148, 1849,

page 198.)

Note: See the description of this Berton windmill on
prage one previous.

No. 7553. Delamolére windmill, blades with venetlan shutters
controlled by a regulator; automatic orientation by butterfly
valve. 1:10 scale model donated by Société d'Encouragement in
1866. (see Bulletin, vol. 24, page 186.)

No. 282 T. Automatic windmill, donated by Godrant.
Room 53. Drawings

No. 13571~-84. Wind-driven sugar mill, Barré de Saint-Venant:
one plate.

No. 13571-90. Water-air mill; one plate.

No. 13571-92. Windmill with description of figures; two
plates.

No. 13571-95. Windmill mounted on a beat, dedicated to the
senate of the free city of Bréme by its inhabitants, one plate.

No., 13571-96. Octagonal mill with paddles, Dutch design,
projected for the Grande Moé&re, in Flanders; one plate.

No. 13571-233. Dutch windmill for sawing wood; two plates.

No. 13571-584. Windmill designed to orilent itself auto-
matically, in use in England; one plate.

No. 13571-1735. Self-regulating windmill, built by Fournier-
Benoit, Montpelller; one plate.
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Chapter 2. General Considerations Regarding Wind Motors - /10 |

Smeaton, an English englneer who lived in the middle of
the 18th century, gave the following recommendations for the
design of the old windmills with four blades, the number of blades
which is still used today for high-powered wind motors.

"The number of blades should not be so high that the issue
(i.e., escape) of the wind striking them 1s arrested.

"If flat blades are used, the direction of their length
(i.e., of their plane) should make an angle of 72% to 75° with
the rotating shaft to obtain the maximum effect.

"The wider the blades, the more they must be inclined toward
the axis of the shaft.

"Blades which are wider at their tips than they are close to
the center offer more advantages (i.e., have better efficiency)
than those of rectangular shape.

"When the blade surface is not flat, it 1s to advantage to
present the concave face of these blades to the wind.

_ "If blades of similar position and shape are presented to the
same wind, the number..ofi-revolutions that they will perform in a
given time is in inverse proportion to thelr length.

"The effect (i.e., the motive power) produced by blades of
similar shape and position exposed to the same wind are proportional
to the squares of the Engths: of the blades.

"Blades of the same width and different lengths will produce
effects proportional to their length when thelr inclinations are
similar." '

Furthermore: "Wind apparently does not follow a direction
parallel to the horizon; at least it is generally recognized that
blades placed 1n a vertical plane will not catch the wind as well
4as.. ' if the shafts on which the blades are mounted is 1inclined
8§-15° toward the horizon. All constructors are in agreement
on this point.™

Smeaton states that the power of a windmill whose blades are /11
4n a horizontal plane (these windmills are termed "pananemones")
is actually only 1/8 or 1/10 that of a windmill whose blades are
in a vertical plane. ‘

We might add that these old windmills were very thoroughly
tested and their eff%ciency was extremely high. They were bullt

!
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entirely of wood and were Incredible feats of carpentry; the
methods available at that time did not make it possible to build
them out of iron or steel.

Thus according to Smeaton a windmill will yield maximum
efficlency when its blades are left-hand surfaces whose genera-
trices, located at the points obtained by dividing the length of
the blade into six equal parts, form the angle given in the
following table with the axis of the wheel or the direction of
the wind. In this table, generatrix - number one is that located
at the point of division closest to the axis; it is at this
point that the blade, or useful area of the vaney beglns.

Numbers of! Angles formed Angles formed with
generatrices with axis the plane of move-
ment of the vane ' J
1 72° 18°
2 o 71° 19¢°
3 (center of vane). . 72° o 18°
b Th° 16°
o) 77.5° 12.5°
6 830 70

A difference of a few degrees from the values given in this
table does not seem to have much influence on the efficiency of
the aszembly.

The width of the vane {is between 1/5 and 1/6 of its length,
and should never exceed 1/4,

The vand may have the shape of a trapezium whose side, at
the tip of the vanel, is 1/3 the length of the vanej the small
~side, next to the shaft, 1s thus equal to 1/6 the length of the

vane/. ‘
f

The speed of the vanes at their tip should be 2.5-2.7 that
of the wind for the windmill to operate at optimum efficiency,
when the vanes’ are well oriented and when they are rotating
without any load.

Smeaton concludes that the loads are roughly proportidnal
to the square of the wind speed; thus if the speed is increased
from one to two, the leoad will have increased from one to 3.75.

~
[
no

As a result, the effects produced are roughly proportional
to the third power of the wind speed. This was confirmed
experimentally by Smeaton, who found that with speeds changing
from cne to two, the effects produced increased from one to 7.02.

11



The efficiency in kilogram-meters per second is equal to
KSV3 with 22 coefficient K equal to 0.05 according to Smeaton
and O 03 accordlng to the experiments performed by Coulomb on
a large windmill in the vicinity of Lille; S is in square meters
and V in meters per second.

The equatlon for the effieciency of a windmill is the same
as that of a suspended wheel in & watercourse. The only" ”

difference is in the value of the numericsal coefflclents

According to J. Claudel, the pressure exerted by the wind
against a flat surface perpendlcular to its line of movement is
as follows for speeds of less than 10 m/sec:

ai‘r.-wu_

P =0.11 4 81,1 v2;
or roughly: _ : §

o
P=d5X2h

P being the pressure in kilograms per square meter; _

d belng the welght of I'a cublec meter of air (approximately i
1.293 kg); o

V the w1nd speed;

h = v2 /2g, the helght of origin of the speed (g = 9.81 on the
seacoast);

S the area of the plane in square meters.

The first eguation shows that P increases in a higher pro-
portion than the area struck by the wind.

%\ According to Borda, three plates whose surface areas were
.proportionate to the series 1, 2.25 and 5.06 ylelded expressions
proportionate to the series 1, 2.44 and 5.97, values .whose rate.
of increase is roughly the same as the 1.1 powers of the surface

areas.

According to Hutton, when the wind strikes a surface at a
given angle, the pressure which 1t exerts on the surface is:

1 belng the angle of the surface with the direction of the wind. /1
If 1 is a gﬁght angle, cos 1 = 0 and sin 1 = 1, and as a result ==

(sin 1) 1 ees 1 = 1, and: ~Bq+=7(2) becomes Ea. (1).aboveé,

which 1s normal. ! ,

The dimensions of the ©ld four-vane: windmills were as
follows:

12



squaring of the ocak shaft: 0.50 m to 0.60 m

inclination of shaft to horizon: 10-15°

length of varnes imeasured from shafts: 10-12 m

squaring oif shaft of vanes close to the main shafts: 0.30m
spacing of bars supporting canvas: 0.40 m

usual area of each vane:: 20 square meters.

(after J. Claudel.)

Note on the computation of wind motor efficiency. An ideal
wind motor would be one capable of using all the kinetlc energy
of the wind.

None of the assemblles designed so far have been able to
obtain this result. The wind reaches the blades on the wheel
at a speed V, passes through the plane of the wheel and still
retains a speed v which 1s estimated tc be equal to V/3.

Thus the wind has supplied only 2/3 of its kinetic energy to
the wheel, and since 1t appears Impossible to obtalin better
results, some designers computethe efficlency of their wind
motors on the basis of 2V/3 rather than V, which. increases the
apparent efficiency of the wheel by 1/3.

The exactness of this method of computation is arguable,
since the available energy is actually the kinetic force of the
wind at a speed V, and a better assembly would be able to use
all this energy, or at least most of it, rather than merely 2/3.

Useg of windmillg.» Windmills are used primarily to draw
water, to drain swamps and for irrigation. There are a number
of large installations in Denmark, Holland, and the colonies;
some agriculturists in Tunisia use them to draw up to 1,000 liters
of water per hour to heights of 25 m, to cultivate orange trees;
and thousands of wind motors are in use in Algeria, Tunisia and
Morocco to draw water.

They are also used to generate electricity, by means of /14
compound generators wlth suitableé. circuit-breakers.

Experiments performed in Algeria by Commander Riet have
shown that a wind motor is usable for 70% of the year and & wind
wheel with a radius of 5 m will monopolize a horizontal area
equal to a circle with a radius of 60 m. Thus by a Judicious
distribution of wind motors it would be possible to obtain 7800 hp
per hectare per year. (5lst &onference of the French Association
for the Advancement of Science, Constantine, April 13-25, 1927.)

To correct the lrregularity of the activity of windmills or
wind _motors,.. - these assemblies have been intended for use only

in drawing water continuously into a large-capacityFﬁank *Jﬁj%gn
o i
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elevated as high as possible, 20 m or more above the ground
The water stored in this way at no cost is then used to activate
a hydraulic turbine which controls the dynamo.Z2

The 1nstallation costs for this assembly are falrly high,
but it does make it possible to use all the power of the wind,
to keep this power in reserve, and to use it only when needed,
without waste. The tank turbine is supplied with water through
a simple pipe from a raised tank; its mechanical efficiency 1s
excellent. '

The gﬂmramnu Mﬁﬂhwcan*be activated instantaneously simply by
maneuverlng the wauergate' of the turbine, 1s able to supply
current directly to the user equipment. This eliminatés the
‘use of 4 storage battery, “WHich is costly, requires !
malntenance, and yields poor’efficiency; this battery 1is actually
replaced by a water tank which is a true power accumulator of
the best possible type. The water is then used for irrigation
and other purposes,; and it can also be returned from the well
from which 1t has been drawn after it has yilelded up 1ts energy
in the hydraulic turbilne.

This process is therefore extremely practical and
advantageous.

From the standpoint of computations for an installation of
this type, according to Plissonnier, a Lyon constructor, a wind
motor or alr turbine is able to raise the following quantities
of water to a height of & m under a wind of 10 m per second:

Diameter of Liters water raised Accumulated power
air turbine to an 8-meter height in horsepower
per hour per Thour

5 meters 20,000 0.59

6 meters 32,000 1.19

7 meters 49,000 1.45

8 meters 58,000 1.71

9 meters 66,000 1.95

10 meters 76,000 2.25

« The journal la Nature, in its 1ssue for the second half of 1884,
page 286, mentlons the Installatlon set up in America under the
name "Arastras " conslsting of a sort of dredger which 1ifts sand
into a reservoir from which 1t is dropped onto a bucket-wheel or

a chain-pump. This is a sand accumulator which appears to have
yielded good results, although its efficiency does not seem to have
been very high; however, the motive power does not dost anything.
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One might arréange to use the water turbine only a few hours a
day, with the result that a windmill 10 m in diameter struck by
& 10 m per second wind for; only 10 hours per day would accumulate
_22-1/2 hp per day, making it possible to activate a 4 hp hydraulic
."turbine for 5 1/2 hours, and as a result, an. extrénely. powerful gene-
.rator 'which could be used for practical purposes. However, in.
this case the water tank should have a capaclty of .6-7 m3 to make
up ah adegquate reserve,

In regard to previous uses of wind generators to produce
electricity, we may mention the followlng information given in
an article by Ch. Groud, englneer, published by the Electrojournal.

On broad plains or plateaus with no waterways of any size,
wind is virtually the only natural source of motive power.

Wind has been used for a very long time, perhaps even more
in the past than at present. This 15 because ‘wind 1s extremely
unstable, extremely irregular, and frequently nonexilstent. . '
Watérfalls are "™ > much more convenlent to use and are also
more constant. Consequently, attempts are made to make use of
waterfalls before consildering the use of wind, but nevertheless
there is bound to be widespread use of wind power in the future.

Variations in the speed of wind are of broad amplitude and
occur very quickly. Here automatic regulation of the assembly
is extremely important. When the wind exceeds a given speed
(storms), the wind generator should fold up or close; in this
case it 1s said to elude the storm.

Windmill theory is still imprecise. Considering only the /16

pressure on an immovable flat surface perpendicular to the
- direction of the wind, thils pressure is given by the equation:

F = 0.125V% X S

9 418 the area 1n sguare meters;
V is the speed in meters;
The result F 1s expressed in kilograms.

Given these conditions, a 40m/sec wind (hurricane) f i
would yield a pressure of 200 kg per m?. With the wind of
10m/sec Wind:*\\{Prisk wind) the pressure would be more than
12.50C Kg/me. \ A

Tt can therefore be seen that if the wind speed varles a
great deal, the pressure produced will vary still more, slince it
fs g function of the square of the speed. Moreover, most wind
doegs not supply very high pressure per square meter. To obtailn
sighificant power, therefore, it must be confronted with a
conslderable surface area.
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The above equation is relatively simple, but it becomes
somewhat more complex when the surface 1s concave, convex, or
_turned up at the ends. PFurtherdiore, Iin the case of a windmill
vane! moving under the effect of the wind, consideratlion must
now he given to the relative speed of the wind in comparison to
the vane.

Coulomb established the following formula to obtain the
work which could be supplied by a windmill:

T = nSV3

n is a coefficient which Coulomb has given “as i 0.03, but which
‘actually can vary tremendously; S5 1s the movable surface ares and
V 1s the wind speed. 3 i

The term V3 is exact in practice only when the load 1s
increased as the wind speed increases, with thils increase in
load being proportional to V3,

If this method is not used, as the wind speed increase&_the{

speed of the vanes also 1lncreases and the usable mechanicalwork

is proportional to the wind speed rather than the third power of -

. the wind speed.l

3 According to Professor Ringelmann, the values of the
coefficient n are as follows:

Wind speed in meters per second Values of n
fu.10 0.0198
4,65 D.0156
5.26 0.0115
6.60 0.0081
7.50 0.0063
8.90 0.0039
10 0.0030

A -

D, ok e e s _mew

Lot ?Taking 1nto dccéﬁht the suction produced by the wheel behind?j
the vanes, Professor La Cour gives the following formula|for the
work produced by a four-vane windmhll:

t :‘ ..
_ sy | I
v T = 550 |
in which the OLtput is assumed to be proportional td the|speed

of the wind| and not to the third“power ‘of the speed
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The use of windmills to generate electrical power has already

given rise to a few interesting applications, especially in Denmark.

For example, in Askov in 1891 there was one wind motor "
with four vanes, 6im long by 2 m wilde, and another with four vanes
7.40 m long by 2.50 m wide. The first was used to electrolyze
water for the production of oxygen and hydrogen. The second wind
motor powered two O kW generators. & One of these gamx%morspro—
duced oxygen and hydrogen, as prev1ously, and the other charged
a sStorage battery and powered a power and light network.

The test which led to the realization of this plant first
showed that it was advantageous to place the shaft of the generator
high above the ground, and second that the four-vane generator,
with 1ts economical and convenient design, had the best efficiency;
however, the disc wind generator started more easily under low
winds. With fewer than four vanes, the proportion of available
power used decreased; with more than four, on the other hand, there
were reactions and eddies between the vanes and the efficlency
was low. In addition, it was advantageous to reduce the area
confronting the wind to a minimum.

The peripheral speed of the vanes, V X 2.5 (V = wind speed)
is that permitting maximum efficlency. The angle between the
surface of the vane and the direction of movement should be 10°
at the tip and 25° at the center. The wind should be prevented
from striking the vane with a heavy lmpact.

In this specific case, the Coulomb equation becomes, in
kilogram-meters:

T = 0.06 3V3

If P is the power expressed 1n kilowatt hours, one obtains
the formula:
p o SV3
1695

Denmark is a country in which the wind blows fairly con-
tinuously, and in which wind motors are advantageous .. as a result.
Thus installations similar to the above have multiplled. A wind
generator built on the island of Zealand has a blade area of more
than 30 m2. Under a 7 m per second wind it is able to furnish
8 hp at an angular speed of 24 rpms-

In 1897 ProfessorIB-Cour supervised the installation of a
wind motor 1in - Askov whose blades were 11.40 m long and which
was used for tests and experliments.

In these varlous 1nstallatlons,.energy was' transmitted from
the control shaft of the windmotor-to the generator by pulleys

17
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and belts. These were held by a movable rig with counterweilghts
which made it possible to adjust the tension and limit the
adherence of the generator on the pulley, Under. these conditions,
an increase in speed of the wind motor shaft merely slides the
belt over the pulley and the transmitted torgue remains virtually
constant. ‘

The speed of the generator is adjusted automatically according
to the charge state of the battery, and the Intensity is auto-
matically regulated according to the charge. The speed of the
generator varies with the voltage required.

If the wind happens to slow down, tThe speed. of the generator
may become inadequate to obtain a voltage higher than that of
the battery. In this case the battery discharges into the
generator, which, rotating in the same direction, acts as a motor
and accelerates the rotation of the vanes. This drawback is
avoided by means of an automatic relay. The generator and the
accumulators are connected only when the generator voltage
is higher,  and they are disconnected In the opposite case.

In this procedure, the generator is directly connected to the
storage battery, whose capaclty should be carefully studied. A
study of meteorological.observations will show the approximate
frequency of the wind and its intensity.

Another system, also used in Denmark, is capable of telerating
wide voltage variations. The generator is directly connected to
the power circult, with the batteries on a branch cireult serving
as buffers. In the 1lighting circult, the voltage is kept constant
by an automatic end cell switch which places a given number of
cell-boxes in the circuit, depending on whether the battéries
themselves are charging or discharging in the power network. The
maximum speed of the generator corresponds to the maximum speed
of the wind motor.

In this case, the generator may be driven by gears affixed to
the shafts of the wind wheel, as we wlll sSee 1in regard to the
Danish Aurora wind metors.

At this maximum speed, the generator supplies a voltage which
should still be accepted by the btatteries:; they, will reject the
current when they are completely charged.

This system uses some devices from the preceding one, notably
the relays. Its eéfficiency is better. The assembly has an

additional winding coennected in series, to the. :small motor of the -

automatic end . cell switch, and thus. exeitation is: always ensured,
The Zealand installatlon which was mentioned above supplies

power for 378 incandescent lamps, 6 arc lamps, and one 4 1/2 hp
englne, activating a kneading machine and a band-saw. This

18
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installation, which was builg.. - long before the war, cost 19,000
francs, including the building. The storage battery alone, which
consists of 6600udmpere-hour cell-boxes, cost 5500 francs. The
installation has an emergency 10 hp gasoline engine, which
operated for only 90 hours in 1904. The annual costs, including
interest and amortization, were estimated at 3000 francs, or

0.40 francs.her kilowatt hour for the entire year. This cost

was not so high for the winter alone, the period of highest
consumption.

In his valuable experiments on modern wind motors at the Askov
testing station in Dernmark from 1891 to 1500, Professor Le Cour
arrived at the followilng conclusions:

1. All else being equal, the pressure of the wind 1s pro-
portional to the area of vanes of similar shape; it 1s also
proportional to the square of the wind speed.

2. The useful work of a flat vane does not equal half the
useful work of a concave vane.

This second rule contradicts the opinion that the pressure of
the wind acts on the vanes at right angles, and Professor Le Cour
found that a 1 m/sec wind striking a flat vane will yield 42 gram-
meters of work/me.of surface area, the speed of the vane being
2.2 to 3 times that of the wind and the angle of the plane of the
vane 12.5°. With a vane with a broken surface the maximum work /20
obtained is 108 gram-meters, the speed of the vane being three
times that of the wind, at an angle of 7.5°.

The resistant surfaces of the vanes on a wheel should be
minimal and should cover no more than 1/6 of the circular periphery.
The motive power 1s thus approximately 77 gram-meters, and the
inside parts of the vane can take up a larger part of the periphery
without loss of power.

Professor Le Courtrecommends the use of only four vanes whose
width 1s equal to 1/4 or 1/5 their length and is constant over the
entire length. The surface of these vanes should begin at a
distance from the shaft equal to the width of the vane, The
cross section of the vane will be a curved or broken line, one
part of which will be three times greater than the other, moving
forward; the distance between the chord of the arc and the peak
of the angle will be 3-4° of the width of the vane; a continuous
transition (that 1s, a connection in the form of a flattened and
continuous curve), as indicated by the dotted line in Fig. 6, will
be provided between the two portions of the vane; a straight line
drawn from the forward edge to the rear edge at the tip of the
vane will make an angle of 10° with the plane of the wheel (direction
of movement of vane), and this angle willl increase as the vane
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approaches the center, where it wlll be 25° . The vane is thus
warped in helicoidal form..-The speed of the vane at the circum-
ferance of the wheel will be 2,43 times that of -the wind.

Given the above conditions, the useful work of the wheel will
be 60 gram-meters/me of area of the vanes under a 1 m/sec wind
and will increase in proportion to the third power of the wind
speed.

To obtain a uniform speed for the wheel, Professor La Cour
recommends the use of vanes automatically turnihg aside under the
thrust of ¢he wind, their angle of opening varying with the speed.
He estimates the efficiency of ~a suitably designed windmill at
21 %.

The above characteristics are shown in the following figures:

Figure 6: Cross section of a vane of width mn; the maximum
deflection F = 0.04 mn; the dotted line indicates the continuous
curved profile of the vane.

Figure 7. Diagram of a wheel with four vanes; the vanes are
of equal width at 1/4 of 1/6 of the circumferance of the wheel,
that is, 1.042 R, 1.042 being the length of the arc subtended by

g

a chord equal to one; the vanes have an inclination of 25° at the
center and 10° at the circumferance; the distance ab from the
center of the wheel to the vane is equal to the width of the vane.

According to Debeauve, the vane: should begin at a distance
from the center equal to 1/4 the radius, and its width should be
1/6 the radius of the wheel, with its inclination being the same
as the angles given by Smeaton above. The work furnished by _a
vane of this type may be computed by the formula T = 0.12 SV3.

S being the surface areaz of the vane and V the speed of the wind.

S TIn the four-vane windmills used in Holland, the angle made by
the end of the plane of the vane with the plane of the wheel is
zero, or in other words, the tip of the vane falls within the
plane of the wheel. The designers of these windmills have the
last crossbeams of the vanesturned back, even slightly, in an
opposite direction to the direction of movement, since they have
found by long experience that this will ilmprove efficlency.

Montell states that long experience has shown.the validity
of thils practice, which probably originated in the effects which
could be expected from the bending of the crossbeamg supporting
the canvas, and which would combine with the tersion of the shaft
of the vane to re-establish an inelination when the wind acts on
the vane (Boulvin, 41-297).

20 7



Wind and its Effects. /22

& v5Sens de la Rotation.

Ty 7_:.7b_'1"_’}£‘;:‘;’¢. *L/L:;E;:é;. - F A satisfactory wind motor
_ o 4 1s able to start in a 2.50 m/sec
| - . wind, although some assemblies
require wind of 3.50-4 m/sec.

A wind with a speed of
2.50 m/sec 1s virtually im-
perceptible; wind at this 3
speed is common and of ‘daily
occurrence, as shown by the
observations made over five
consecutive years by the
Official Observatory of Saint-
Maur Park which are given in
the table on page 121. (265)

T Thus the wind motor will

e =Tk R Ay SN operate for an average of 450
- < hours out of a total of 720
per month, that is, 15 hours

Fig. 6 and 7. Section of a vane a day out of 24. Every farm
and diagram of a four—bbmkew@eel. and ranch in America has a
. windmill, sometimes two or

b. wind pressure. However, it would surprise a

good many Frenchmen to learn

that the wind system in France
is at least as favorable as in America. It is qulte easy to make
a partial check of the wind system in a given region by means of
the table given on page 121.

Hiitte's German Engineering Manual thus gives a method of
computation for wind motors:

The wind motor * should start : easily enough so that its
work will begin when the wind speed 1s 2 m/sec, to drive - pumps:
to. _ drive v generators,. the work should begin under a

3 m/sec wind.

The work furnished by the wind can be stored in ' @ s
storage batteries or in water tanks of a given elevation which
subsequently are used to drive a water turbine.

The available energy of a wind wheel is approxlmately equal
to the momentum of the steel weight reached by the blades during

1 sec. . =...SV3

I50g
in which d is the weight of a cubic meter of air at 50° C and
760 mm of mercury or one atmosphere; d = 1.186 kg/m3 air.
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S is the projection of the total area of the blades, In square
meters.

V is the wind speed per second.

g = 9.81, the acceleration of gravity.

The useful power of a wind wheel depends on:

1. The distribution of the wvanes on the wheel; between the
vanes there should be an adequate cross-section to allow the free /23
passage of ailr.

2. The curvature and the angle of ¢ attack of“the vanes.

3. The design and maintenance of the moving parts.

The above equation does not take into account:

1. The influence of the statlc pressure of the air due to
the suction effect of the wind on the rear side of the vanes.

2. Losses due to vorticity.

3. Losses due to the momentum of the wind upon leaving the
wheel,

The meduﬂﬁbiléfﬂhﬁﬁncyfof the wheel alone ranges from 0.6 to
0.9. '

Note. The losses due to the three causes listed above are
so significant that some investigators have considered the output
of a wind motor to be proportional only to the square of the
wind speed, or even the wind speed itself (Professor La: Cour).

In his Cours de Mécanigue [Course in Méchanics], 3rd edition,
volume 2, Boulvin notes that M. A. Rateau, a member of the
Academy of Sclences, recently deceased, conslders:American wind
turbines with curved vanes to operate by reaction and assumesthat this
observation may be applied to wheels consisting of a large number
of flat plates, like those of the Halliday windmills.

- From the expansion of this theory, Rateau concludes that the
peripheral’ . speed at the tips.of the vanes should be 1.2 V
in normal operation.

V being the wind speed, the retardation of the wind as 1t
approaches the wheel is 17.4 %, furnishing a value of 0.32 for
the degree of the reaction and a value close to 45° for the
angle of entrance of the wind.

Monteil, who published the third edition of Vo..II of
Boulvin's work, states that Murphy estimates the efficlency of
the wind motor (which wlll be described in this volume) at
0.26, which would give it an output in horsepower of 0.0002 sv3,
Algebraic computations confirming these results may be found
in ~Vol. II of.thésthird edition on pages 269-270.
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In general, the ocutput of a wind motor is given by the formula:

T = ASV3

in which S is the total area of the vanes, V the wind spéed and
A a coefficient which Smeaton estimates as 0.05 and Coulomb and
Navier as 0.03, for the vanes of Dutch windmills,

The horsegower rating per 75 kg would thus be between 0.0006
and 0.0004 8V>3,

One can see the wlde difference in estimates from one
Investigator to the next, and 1t 1s for this reason that we are
furnishing a number of designers® reports in this volume in order
to make the dilscussion as concrete as possible.

" Vanes

Wind motor wheels have been built with vanes conslsting of
small thin wooden planks (ash, flr, or beech), set at angles like
those of the shutters of venetlan blinds (Halladay, Vidal Beaume,
Flgs. 19 and 32), but today they are more often made of steel
plates, which can be given the coptimum theoretical curviture for
the use of wind,.

The Adler, Aurora and Agricco windmills have four to eight
vanes which are shaped somewhat like a fish in cross section, as
shown by Fig. 41. The profile of these thick vanes is that Which
1s currently recognized .--as. .optimum for alrcraft wings: the
wind attacks the vane on 1its thieck rounded edge, thus yielding
optimum efficiency. These vanes are able to pivot on shafts
following the radii of the wheel s0 that they can be turned aside
during excesslive winds, or they may be fixed 1n position, with
deflection of the wind: by lateral ailerens.

Constantin and Darrieus, whose respective work will be dis-
cussed later on, alsce recommend the use of thick vanes.

As shown by the large number of tests performed, and according
to the opinions given above, it is not advantageous to increase
the number of vanes indeflnitely. A wheel with four or filve well-
deslgned vanes will be more efficient than a wheel with a number
of overlapping paddles. 1In addition, a similar observation has
been made with regard to aircraft and ship propellers with more
than four blades: a large number of blades will form a sort of
plane which will dbstruct the passage of the wind, while four
blades will catch the wind and the air current will pass through
them, acting on thelr entire surface area. Consequently the
large Danish wind motors have only four or five vanes.

!

Wind wheels currently can be divided into two distinct classes:
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1. Those with a small number of blades (2-6) turning at high
speeds (Danish and German designs, the Constantin and Darrieus
wind motors), whose effilclency is the highest.

2. Those with blades ovér the entire area of the wheel, whose /25
speed is 1/4 or 1/5 of the preceding (French and American design).

The latter are able to start under a 2.50 m/sec wind, while
the former require a wind of at least 4 m/sec.

The high rotation speeds cause vibrations in the moviFagiparts
and pylons which can be avoided only by rigorous static and
dynamic equilibration of the wheel.

Wind motors with a large number of blades, which are known as
American wind motors, although they were first developed in
France, thus seem to be ideal for the supply. of small quantities
of motive power in countriles where most of the wind 1s low speed.

On the other hand, the wind motmrsswlth two, three or four
blades mentioned above are preferable for heavy electrical pro-
duction in regions selected for their exposure .to high-speed winds.

In this connectlon we hope the reader will examine the illumin-
ating reports which Mssrs. Constantin, Darrieus, and Lacroix have
been kind enough to furnish for this volume.

Orientation of Wheel

To use extremely low-speed wind, the wheel should be positioned
perpendicular to the wind. Thils automatic orientation may be
obtained either by a rudder kept perpendicular to the plane of the
wheel, or by a small single or double auxilliary turbine known as
a wind rose (¥ig. 25), whose plane is perpendicular to the plane
of the main wheel. If the wind blows crosswise, the wind rose
turns in one directlion or the other and pivots the plane of the
main wheel by means of gears which 1t generally drives by means of
a perpetual sc¢rew; the horizontal main shaft of the wheel 1s thus
installed on a vertical-axis stem or platform.

The rudder system, which i1s quite simple, is used for small
windmills, and the wind rose system for large wind motors, since
1t has the advantage of operating more gradually and producing
less violent Jerks than the rudder.

We will see examples of these two systems in the assemblies
described later on; Tigures 19, 21, 33, etc. give examples of
orientation by rudders, while figures 38, 44, 46, etc., show
orientation by wind roses.
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Another procedure consists. in positioning a winddwheel with
small vanes or helicoidal blades on its shaft in such a way that
it faces away from the wind, . In this case the vanes receive thelr /26
thrust from behind and the wheel will always tend to pivot in the
direction of the wind, This design for orientation 1s primarily
used with wheels having two to four blades - where there is no
danger of violent winds. (See Figs. 128 and 178.) In this way the
orientaticn and blade deflection mechanisms are eliminated.

Deflection of Vanes or Wheel

It 1s to advantage to keep the speed of the wheel as constant
as possible, or at least to 1limit 1t to a well-defined maximum,
Moreover, in the case of a hurricane it is abselutely necessary
that only an extremely reduced area be presented to the wind; and
finally, when the assembly is not in use it should be possible
to remove the wheel from the thrust of the wind and stop it.

Two different methods are used to obtain this result.

(1) Deflection of Vane Elements

The vanes are composed of one or several elements able to = |
pivet on a shaft. Since this shaft 18 not at the cenfer of the
superficies of the vane element, this element will tend to tilt
constantly in the wind. However, opposing counfterweights or
springs are used to bring the element into a position perpendicular
to the wind, and when the wind exceeds a glven maximum speed,
the wvane element tilts and allows the wind to by-pass it In pro-
portion to its excess speed.

Fig. 8 shows a Halladay wheel element (American). Thésvanes
pivot on the rigid shaft ab, which 1s supported by the spokes ac
and ab on the hub and assumes the posltion shown in Fig. 9 during
high winds. The drawback springs or counterweights are not shown
in this diagram.

Fig. 10 shows the vane elements of the Reln&ﬂlwheel (Germany),
which plvots on shafts along the spokes of the wheel; these shafts
are not in the center of the vanes, with the result that the wind
tends to plvot them.

~
3%]

In Fig. 47, showing the Manmouth windtturbine (Denmark), the
vanes consist of elements pivoting on shaftsg perpendicular to the
arms or spokes of. the wheel. TFig. L8 shows these elements turned
aside in hurricane winds; the shafts, in the lower lefthand corner
of the photograph, indicate the violence ef the wind at the time
the ptcture was taken. The deflection of the vane elements is
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Fig. 8. Fig. 9. Fig. 10.
Hallidday Halladay Relnsch

vane 1n vane turned vane.

the wind, aside.

controlled by an auxiliary
wheel termed a "wind rose"
(Fig. 50),

In all these systems the
wheel is rigidly connected to
the rudder, which is always
perpendicular to it. Some
designers connect the movable
elements to a group of amall
rods which may be activated by
hand from the base of the
Fig. 11. Adjustment by aileren. pylongto stop the wheel.

|

(2) Deflection of Entire Wheel

In other cases, the arm on which the rudder is mounted is
Joined teo the mounting of fhe shaft of the wind wheel, with the
result that the rudder is abie to fold back against the plane dfabhe
whee®, and the assembly thus automatically turns in the direction
of the wind, to which it offers cnly minimum resistance, A
mechanism of some sort, a rod or chain, makes it possible to fold
the rudder back agalnst the wheel from the base of: the pylon to
biing the wheel to a halt (Figs. 27 to 30).

The rudder G is jolned to a vertical mounting, and the wheel
(Fig. 19) is rigldly connected to a blade or aileron p which always
remains parallel to 1t, When the wind speed lncreases, it pivots
the mounting of the wheel, whose plane approaches the plane of the
rudder; a counterwelght C tends to bring the wheel Into a plane /28
perpendicular to this rudder. Filg. 20 shows the wheel and its blades
parallel to the rudder G,

Lt )
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Fig. 11 shows the pogitlons of the Wheel? with its ailercn
and rudder, relatiye to the foprce of the wind, ‘

(3) Deflection of Wheel by the Use of an EXcentric Wheel Mcunting

The wvertical plane containing the main shaft of the wheel 1s
parallel to and at a slight distance from the plane of the shaft
or rod which transmits . - power from the wheel to the ground.
The tail or rudder is &ttached to the pivoting head of the wind
motor, within the plane of the axis of the pylon., As a result,
as shown in Fig. 12, the thrust of the wind on the plane of the
wheel tends to align the wheel in parallel with the rudder, that
is, to remove it from the action of the wind,

) |
g

l JH,
i

Flg. 12. Adjustment by offsetting of wheel. 1. The
pressure of the wind on thendffset part of the wheel
is less than the force of the spring. 2. The wind
pressure is glightly higher and the assembly adjusts.
3. The wind pressure is powerful enough to halt the
assembly.

An appropriately designed long and powerful spliral spring
tends, on the other hand, to bring the rudder into a position
perpendicular to the plane of the wheel, on which the wind 1s
thus able teo act.

Fig, 12 shows three positions assumed by the wheel and the
rudder, respectlively, in normal winds, strong winds and extremely
high w;nds.

Condltlons of'adjustment A satisfactory windmill should
adjust under an airflow corresponding to a wind speed of 7 m/sec.
The wheel should begin to furl  parallel to the direction of the
wind when the speed Imparted to it by the wind becomes excessive!
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{(wind in excess of 10 to lE“m/séc). The wheel should be complete-
ly furled -when the wind speed reaches storm levels.

Consideration has been given to various devices involving a
ball governor acting by means of rods which control the wheel or
the vane elements. The inventor of this system, Bernard, is men-
tioned by Debeauve in Le Manuel de 1'Ingénieur. This complicated
system does not appear £o be superior to the simple procedures
described above. Debeauve mentions a number of types of windmills
used around 1872.

The A, Dumont Wind Turbine

This assembly consists of a large sheet metal cylinder into
which helicoidal surfaces have been riveted.. The assembly 1s
oriented by means of a rudder; the shaft of the turblne is hori-
zontal and the pivoting shaft is vertical.

Bellée Turbine

This assembly consists of twoe padd@éwheels, one of which is
Fixed and serves to direct the wind, while the other 1s movable
and furnishes the drive power. The weight of the assembly 1ls more
than twice that of an ordinary wheel and the effieiency is no
higher. Orientation 1s obtained by means of a small auxillary
turbine {(wind rose).

Sanderscon Airscrew

Helicoidal surfaces attached to a horizontal shaft; pocor
efficiency.

Pollsh Windmill

A ring with gulde vanes transmits the wind to a paddlewheel,

Greek or Anatolian Windmill

A given number of hemlspherical vanes rather like scoops or
spoons are mounted on a wheel. This Is a type of horizontal-
blade wind motor L"pananemone“J (see Chapter 7).
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summary of the Condltions for Construction amd Installation of
Wind Wheels

The power obtained depénds on: (1) the distribution of vanes
on the wheel; between the vanes there should be openings of an
adequate cross section to permit the free flow of the wind; (2)
the curvature and angle of attack of the vanes; and (3) the
inclination of the shaft of the wheel from the horizontal; since
wind generally blows from low to high elevations, 1t is a good .
idea to place this shaft at an angle of approx1mately 14° with the -
horizon. One should take into account: (1) the arrangement and
construction of the moving parts and ease of lubrication and /30
maintenance; (2) the effect of the static pressure of the alr due
to the sbection produced by the wind behind the vanes; and (3) loss-
es due to vorticlty and the momentum of the wind upcn leaving the
vanes.

The mechanical efficiency of the wheel will be only 0.6 to
0.9% of the power transmitted by the wind.

The assembly should be constructed of high-strength steel,
protected agalinst rust by galvanization, parkerization or painting.
Its inertia should be low and it should be mounted on ball bear-
ings or rollers. Lubrication should be required once a year, and
the pylon should be elevated at least 3 m above surrounding
obstacles, which should be at least 150 m away. -

Transmission Components

When the purpose of the assembly is merely to draw water, a
special-model suctiong and force-pump or, in the case of deep well,
a priming pump, 1s placed at the fool of the pylon. These are
single-action pumps., A disk-crank is mounted on the shaft of the
wind wheel and the energy is transmitted through a long rod made
oftwood or steel tubes, which operates only in traction to preclude
buckling due to its extensive length.

Because of the high rotation speed of the wind wheel, some
designers place a reduction gear between the shaft of thls wheel
and the crankshaft whilch activates the transmission rod to the
pump. Figs. 22 and 23 show the mechanism of this type used by the
Aermotor Co. Here the pinion g &8s affixed to the shaft of the
wheel and drives a double gear d {(1:3 ratlc) on which are mountedec
two crank-plng which drive two rods ¢ which attack the rod of the
pump a gulded into ©, This pump rod thus moves in a straight
line and can be gulided from highstorlow by means of rollers or
slides. This reductlon eliminates dead centers and facilitates
the starting of the wheel, which can be set 1n operatlon by
2 to 3 n/sec winds. The shafts of the gears with crank-pins are
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cut away from the pump rod, with the result that they operate
mere efficiently during the ascent of this rod than during lts
descent. The entire gear runs in an oil bath in a gear—box e.

Rotary transmission wind motors have a shaft from the top
to the btottom of the pylon, guided by intermediate journal boxes,
placed in rotation by a gear attached to the shaft of the wind
wheel. Figs. 28 and 30 show mechanisms designed te receive and
convert the movement of this shaft at the base of fthe pylon, /31
chain and belt transmission systems have been iSed with little success, .
in view of the considerableithéight of the pylon and the vertical =
direction of transmission.

Lubrication

Access fo the Journal boxes and gears at the top of the
pylon 1s difficult, and the desigrer should provide these units
with o0il baths whose supply of o0il is large enough that 1t wiil
not need to be replenished very often. Some wind motors need
lubrication only once a year.

Pylons

Wooden pylons have been constructed, but it 1s preferable
to construct the pylon of steel angle lrons anchored in a
reinforced or non-reinforced conrete blocek embedded fairly deeply
in the ground. Three-legged pylons are built for small wind
motors, but it 1s better to use four legs, furnishing a square
base equal to 1/5 the height of the pylon on a sidée ..

In some cases the pyleon is mounted on a mascnyyocor reinforced
conrete tower and the water tank is placed inslde this tower, with
a central stack contalning the transmission rod or shaft (8ee
Chapter 9).

Ag far as possible, the wind motor should be located on’ ‘8 hikl-
fop or knoll, and itis pylon.should raise’ it at - least '3 to'd m above
trees, bu11d1ngs, “rocks and other obstagles located within: a radius of
approximately 150 m, to preclude eddles and to allow the wind to
pass freely.

Galvanization

The vanes, .the various meving parts and the steel pylon
should be carefully galvanlzed to withstand atmospherlc attack.

Any wooden parts Should be epated with carbonyl or carbonyleum
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once a year,

Speed of the Wind Wheel

From the standpoint of efflcilency, it is better to use a
small-diameter wheel rotating at high speeds, 100 rpim or more,
than to use a large wheel rotating more slowly.

Theory of F. Verdeaux. In a highly informative article
published in the Revue générale des sclences pures et appliquées
[General Review of the Abstract and-Applied Sciences] of October,
15, 1927, F. Verdeaux, Englneer of Skills and Manufacturing,
describes the conditions for the operation of wind wheels. He
has been kind enough to allow us to reproduce this article, which. " . /32
provides useful and enlightening information on this complex
problem, in its entirety. Its text follows.

Operation of Wind Wheels

«"I. Definitions. Here we will assume the wind wheel to have
2 horizontal shaft, as 1is generally the case. - It consists of a
given number of vanes or blades arranged alcng the “radii and
consisting of portions of surfaces which we will initially con-
sider helicoidal.

Since the main problem involved in constructing and par-
ficularly in installing these assembllies on pylons is their large
size, one basic assumption is that the purpose of rational
design should be to obtaln maximum power with the smallest pos-
sible external diameter.

Theoretical elemental efficiency at distance r. Let us
consider two cylinders having the same axls as the wheel and
radii r and r + dr. Thelr area of intersection with each vane
is an elemental helicoidal surfacecdf wildth dr, with'its length
being equal to the wldth of the vane, and whose inclination from
the axis will vary.

The theoretical elemental efficiency 1s the ratio of the
mechanlcal power produced by the surface element ds, as it has
Jjust been defined, to the kilnétlc energy of the air current
striking this element., In this discussion the air current will
hAlways be assumed horizontal.

If dP, ls the tangential thrust on ds, u the peripheral
speed In m/sec, V the wind speed in m/sec and m the weight of a
cubic meter of ailr in kilograms, the kinétlc energy of the wind
in kg/m/sec will be:
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dWo = 2 Vagin ds
29

and the efficliency at a distance r from the axis, setting aslde
any energy losses, wlll be:?

_dP.u
AW

Fr

o being the inclination of the helix element to the axis, or
the incidence of the wind.

1
P

Mean efficlency O This 1is defined by the equality:

B S
c ua,s_=/ p,ds {
C i o

S being the teotal area of projection of the vanes onto..the
plane of the wheel, r., being the minimum radius at which the
vanes begin, and R be}ng the external radius.

~
)
e

Since knowledge of the mean effliclency is a basic requirement
for any design, the power collected under a wind Bpeed V is:

’ r L
\V = — \"ab Bris
24

This makes it possible to compute the wheeidtdiamétéhenecessary to
obtaln a glven output, since if ry 1s fixed for construction
reasons, if e is the ratio setect&d for S and the circle swept by
the vanes, R may becbbtained by the equality:

o m(RE—r) =S, —\

S being obtained from the preceding equation,

It remains to determine the magnitude to be assigned to the
vapious design characteristlics in order to obtaln optimum values
for p,, and ultimately for p_.

The princlple elements will be:

The angle of lncldence d, whlch varles along the radius.

The ratio m of the angular speed to the wind speed, which we
will term the rating coefficlent.
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Normal wind: this will be consldered to be the wind speed
at which an assembly of glven design permits a rating coefficlent
m correspondlng to maximum efflciency.

TIT. Determination of Conditions for Maximum Efficiency. As
we Wlll see, these conditions are obtained by a speclfic distri-
bution of incident angles along the radius in conjunction with a

~glven rating coefficient.

e N e e e e o i = =t

in a plane tangential to a cylinder of radius r which wé will take
to be the plane of the diagram (Fig. 13).

This surface element becomes a small flat surface at an angle
o o the direction of the wind.

Let E1 represent this element, which moves with a tangential
veloeéity u.

Let us consider the movement of E in relation to the direction
XX' of V, by assuming a second posltion EE'

It can be seen that the entire movement occurs as if the

‘~ehmﬁntlmﬁfauﬁped0102 in the direction of the wind wath a speed /34
11

The relative wind speed in relation to this speed is thus

tan o’
5 i
V- tan o -

The thrust dS 1s normal, setting aside the friction of the
air, and according to ordinary aerodynamics equations, its
expression will be:

\ﬂ

. , .,. lt a '."“ : N
APy =) 5 (Vg ) sinede \

Ae) being a coefficient dependent on a;

¢ = 0,08,

TheImﬁiﬁéwcombonenﬁ*perpendicular.ﬁo XXt is thus:

. 2
dPo = A (a} % (\' “‘E,a_;'i_u) Sinx COs dS,

!

or, according to the definitlon m =q%,
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_ ‘ ,
dP = % (a)5 V2 (1 “Eai;_:) sin. « cos « ds. (1)

Since the element moves In the direction of this thrust at a
speed u, the elemental power is dW = dP:u = mr-dp-v, or:

(2)

- : 2 ..
dW = 2 {a) s V3 (1 -—EE) sina.cosz. m.r.ds.
Tan*

dea == E%Sina"r?df" ]

According to the definition gilven, the efficiency of the /35

element will be: ‘
dWw 2
el :;;;i\_g == -2‘—7:(! s (a) mp (l —t%) COSa, l
Let us assume C = 3%& = 1.215 and A(a) = I, since the
W

incident angles involved here will always be greater than 45°
(Soreau).

The equation for the elemental efficlency becomes:
;1‘2

‘z. g, = Cmr (g, —E%}mir_ﬁ) cosa, (3)

4

The optimum angle at aidistance r from the axis can be deter-—
mined as follows.

Given the rating coefflcient m #A% which characterizes the
speed of the motor, we now propose to determine the value of
o which will yield a maximum p_,.

Cancelling the derivative of Eq. (3), one obtains the
equation:

3

tan’ o 2 3mr-tan a - 2mr = 0,

which has a real root corresponding to a maxlmum for an angle
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located between arc tan mr and'%-q

The results are represented by the curves in Fig, 14, which
glve the optimum values of o for three specifilec values of m,

O Métres
.-h:blbu!d‘3

X

b

1
!
I

J [T 9 &0 . 70 B S0 |
— 1 b Degres |

Fig. 13. Acticn of wind on an Fig. 14. Optimum value of o as
element., a function of distance from axis.

Key: a. Meters. b. Degrees.

These coefficients m may be assumed to characterize an ex- /36
tremely slow, moderate or fast rate of operation for this type
of motor:

For V. = 10 m/sec:

my = 0.209 yields N = 20 rpm
m, = 0.628 yields N = 60 rpm
my = 1.04 yields N = 100 rpm

Fig. 14.

Using Eq. (3), we can calculate for each value of the radius
the maximum efflclency whose varlations as a function of r are
represented by curves (3), which are plotted, however, without
taking any functional energy losses into account.

An examlnation of Fig. 15 leads to the conélusion that the
optimum efficiencies are obtained at the highest motor speeds in
all cases. As a result, a consideration of the logsses involved
wlll show that with,some radll, which are however greater than
most ordinary dimensions, other more moderate motor speeds can also
produce equally satisfactory results.
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Fig. 15. Maximum elemental assembly as a fune

efficiency. If in addition we assign an

Key: a. Meters. absolute value to these theoreti-
cal efficiencies, we find that
the efficlency cannot be expected

to exceed 18% with assemblies driven by the thrust of the wind.

Maximum mean_effieiency. The mean or overall efficiency has

y I R
L ds
: " - b-/:_Fg )

We will temporarily assume that the inside radius is zero and / 7
the projections of the working surfaces on the glaneoﬁf the wheel ‘_h_
will exactly overlap; one therefore has: S = 7R? and 4§ = 2rr-dr,
and as a result:

2 TR
Pm == “r"{g‘ /a eI dr,
-

P will obviously be at a maximum if the local efficiency Py is as
high as possible for each value of r.

We know that this would be the case with the three types of
asgemblies constructed with the angle distributions represented by
curves I, II and III in Fig. 14 when these assemblies are operating
at the rating coefflcients my, M, and ms, respectively. The

elemental efficlency would thus be given by the curves in Fig. 15,
These curves can ealdlly be represented by portions of hyper-

bolas, making it posslble to Integrate them into the above equation,

and Fig. 16 (dotted curves) shows the maximum mean overall efficien-—

cy of the wheel as a functilon of the external radius R for the -
three types condidered,

The unbroken curves réprésent the same efficlency, taking
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into account the losses which wlll be analyzed below.

"III. Choice of Rating, Torque, Discusslon. From now on
conslderation will be given only to wheels deslgned along the
lines of types I, II and III, whose rate of operation can be
vafded as w1dely as necessary for practical purposes.

Let W equal the average output to be achieved. Assuming
r, = 0 and ¢ = I, the diameter 2R may be computed by the formula:

= A-RZ2. L3
W = AR pmVO

For this purpose we will choose a normal wind speed v :
The optimum rating coefficient m will be made to correspong to this
wind speed, as stated above, by means of a suitable arrangement of
gears and cylinders, if appmmp is inveolved.

We must now consider the type of wheel and the rpm which 38
should be used.

From the standpoint,ofhpeower, the preceding discussion has
shown that a fast rpm will produce the highest efficiency. Set-
ting aside the guestion of energy losses and keeping to a
diameter of less than 2 m, the choice of assembly seems to be
firmly established. ~However, 1t is stdll-necessary to ensure that
consideration of the starting torque, especially, wlll not = -
sshow the fast type of assembly to be markedly inferior to other
assemblies operating at a lower rpm and with smaller 1ncident
angles.

Torgue. As we will see, an analysis of the torque at rest
(starting) and during operation will make it possible to recognize
the manner of wvariation of m and, ultimately, the efficlency p
when the wind speed differs from the normal value V., which by
definiticn is the wind speed of maximum efficiency.

m

The equations obtalned akbove will now be used to discuss the
characteristice of & wheel of ordinary diameger.

Specific moment, = The elemental moment at adistance r from

the shaft is: _ o e
. 1
"N = d P = (‘\r ___.;G%) sin & cosxeds, 1

All the vanes. dsrglin o represent a 01rcular ring 2wr-de,
Let ub 4§&tmE v - EE%—E- = Vv to be the relative wind speed at a
distance r.
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At V = 1 m/sec one has the speclfic moment:

R
_\I'l‘::zrr;-/rz.cosudi‘ ,
o

o varying as glven by the curves in Fig. 14, It is therefore
possible to compute the following table.

TABLE 1 .
Radlus of Wheel: R=0.5m 1lm 2m 3m Y m 5.
Type I M, = 0.015 0.128 0.81 2.34 4.7 8.08
Type IT 0.013 0.086 0.47 1.11 2.32 3.8
Type III - 0.007 0.056 . 0.26 0.63 1.16 1.89
Starting torque. - u = 0 v =1
_ 2
MO = MIV
at a wind speed ¥.
Operating torque.
_ 2
M = Mlvm

v, being the mean relative speed between radii ¢ and R.

On an intermediate radius r one has:

The reéweil vekodlity belng:

tan o

The mean value of this recolil véloclty may thus be written in
the form Kuw.

For a given type of assembly, K depends only on R, the full
radius of the wheel,

The moment of the operating torque will be:

M= My (V - Kuw)?,
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the values of K being‘givén in Table 2.

.......... CTABLE 200U L
R 0.5 m 12 3
K = 0.815 1.142 1.175 1,209 Type I
0.3 0.54 0.54 0.542 Type II
0.145  0.23 . 0.27 0,286 Type III
Varioug formulas_as & Function of M,
Power
W= M (V- Kw) 2w (1)
Efficiency ’

Al .
P = "f'(l (4 == N m)*m

(5)

A=2"zRe
A=

This last equation is used to compute K. This 1is because
with Type II, for example, when m = 0.628, we know that the
efficiency p_ is given as a function of R by curve II in Fig. 16,
and XK may thils be derived from Eg. (5).

— o o v e e e e mem mem e e mmr e m—w e— m m wee mm v— e mam — me— aem

torque actually 1= constant or whether its wvariations areemade
uniform by the rotation of the wheel, serving as a flywheel. In
other words, here we will not be considering the operation of the
assembly during startup or a radical slowdown,
One thus has:
M = Ml(V ~ Kw)2#= constant
and as a result, Ml belng constant for a glven assembly:

m #.% ;\% (6)

This eguation gives the variations of m as a functlon of V.,
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b may be computed by assumilng that with a normal wind, the rating
coefficient m will assume a value corresponding to maximum ef-
ficiency, The choice of normal wind 1s thus extremely significant,
since it determines the manner of variation » of m during cperation.
If m were to remain constant at the optimum value, the efficiency
would also remaln constant and maximum,. and when V decreased to
below the normal wind speed, for example, the output. would Cecrease
directlynwith v3., This alone is a considerable decrease, but if

m were to change in the same case, the efficiency itself would
decrease rapidly and the speed would immediately drop to an ex-
fremely low level.

The stability may be determined by the eguation:

At a given wind speed, the stability increases as b becomes
smaller. Since b depends on the normal wind speed, it would thus
be advantageous %to avoild assigning too high a value to the Zatter
guantity.

Wind of minimum intensity. Here we will assume the motor

generally not the case with pumps.
The assembly is halted when m = 0 or Vi = Ab.

There 1s 1little variation in V, from one type of wheel to
thennext at a given normal wlnd speed and a glven diameter, as
will be seen from an example whilch will be given later on.

Application fo discussion of_the characteristics of a wheel.

the design characteristics of Types I, ITI and III.

For purposes of thils discussion we willl assume that the
shaft of the receiver rotates at the same speed for any given type
of wheel.

Let V = 7 m/sec and 9 (recgiver) = 1,463, (approximately
15 rpm). '

Thug the respective angular speeds of wheels T, IT and III
Will be:

= 1.463 = Ul B, = 7.3

wq ®o 3

The reduction coefficlents will be;

Lo
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g, =1 Py f_0;333‘ ¢3 = 0,2

" Power. At a normal wind spééd Vo, = 7 m, the equation
v =‘ARECHVO3 yields: 0

Wl = 5.256 W2 = 9.59 W, = 11.5

As we predicted,.fast wheels are much more powerful.

e — — — — — e v e e e e R e P v e e mm wea e

m_%“ﬁw

) 4
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In the present case, the wind speed is assumed tobbe VO =
7 m.

M,y = 6,27 ) N =120 . M3 = 13.352 ‘

Although the specifilic moment of the Type 1 whéél is more than
twice that of Wheel III, the latter allows better starting due to
the greater reduction required by its fast rpm.

Stablllty., With a 7 m/sec wind one cobtains:

o, = 10.45 o, = b,y 03 = 2,12

In this respect the slow wheel 1s superior, since with the
fast wheel the power decreases very qulickly as the wind becomes
gentler.

ViCI) = 5.36m Vi(II) =5m V,(ZII) = 5.34 m
With a normal wind speed V5 = 5 m!
Vi(I) = 3.8 m VI(II) = 3,57 m Vi(III) = 3.8 m
- Choice of goﬁmgl;w;ng. To what wind speed should the rpm
ylelding maximum effleciency be matched?

Let us conslider two typé 1T wheéls driving pumps and let us
assume that the cylinders have been designed 1n such a way that the
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optimum rpm m = 0,628 is obtalned with wind speeds cf 7 and 5 m,
respectlyely.

Let us examine the results of thegse assumptions:

In the first case one obtains a theoretical halt at Vi =5m,
and in the second at V, = 3.6 m. As for the power, this will
vary as shown in Fig. 17. The followling observations may be made
upon examination of this figure: '

By assuming a normal wind speed Vo = 5 m, one obtains the
most complete utilization of low summer winds of 3.50 to 7 m/sec,
part . of which would Dbe unusable in the flrst case. However,
the power is still virtually the same under a 7 m/sec wind as 1t
would be if the latter speed had been taken as the normal wind
speed.

™~

Wiay ; W
fm .
18]

Finally, the mean power
within the usable range, that is
from 3 m to 9 m, 1s appreclably
the same in both cases.
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Cholce of V = 5 therefore
offers all the possible advantages.

IV. Energy Losses. In the
case of a wheel with a number of
blades separated by small inter-

C T s s e T e s e v vals, the reslstance of the air
oSt in the ord#inary sense of the word,
that is, the force opposing move-
Filg. 17. Power of a 1 meter ment in an undefined atmosphere,
wheel, Type II. has very little influence. As
for the disturbance caused by the
Key: a. Normal wind, 7 m. tipse of the vanes, which con-

b. Normal wind, 5 m. stitutes an energy loss, this

¢, M/sec. may be prevented 1n large part
by means of light hooping,

One important cause of power dissipadtion, on the other hand,
seems to be the eddles preduced by the assembly as it moves. The
wind motor actually operates as a heliceidal fan, driving the air
out from between its blades at a glven speed,

In addition, this air is thrust radlally by centrifugal force,
We will overlook this centrifugal effect, which can be neutralized
by the hooping mentioned above, in favor of a more specific analysis
of the helicoldal eddies 1In which the fluid travels; the angle of
thege helices depends on the incident angle and the radial distance
r.
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Let us econsider two blade
elements at a distance r, as shown
in Fig. 18. When element E,
traveling at a tangential. speed u,
encounters an air melecule m.,, this
mo2ecule is thrust toward A,, pass-—
ing over portion m.A at a relative
m speed w, while, as%uming‘téro
e — friction, it deseribes the absolute
trajectory m .2/ A molecule arriv-
ing at A, wiIl thus possess an
absoclute speed v of direction normal
to E, and having the components u
and &. Assa result:

VvV = U COS 0.

Let us consider the surface Sl
unit on the rear face A A. of the
- T wheel. The component o% % normal

Fig. 18. Losses due to pro- Eg-AlAE’ or flow compcnent, will
pulsion. ’

Vn = Uu cos o s8in o
The mass flow of the air driven across the vertical surface
unit is therefore: . e e

oy . .
I == 5’ U COS « §in e,

The propulsive energy being:

L ) “a e
L B q,,.—q— == ;—u coztx sin =,

If n 1s the ratlo of this lost energy to the energy of the

wind o ¥
W 33

wind PrAd acting on the surface unlt of the forward surface, one

obtains:

)

t . .
= gz eostx sinx = (mr cosx)® sinx \ (7)

and, taking only this cause of losges Into account, the efficiency
at a given polnt is characterized by the magnltudes r and a:

Py, = P =N

p
It may be noted in passing that this loss coefficient n 1n-

43



creases with the ratlng coefficient m and the radius, but de-
creases as the incident angle o increases, Now, since g (see
Curves I} does actually increase with m and the radius, there 1s
thus some compensation for wlde-diameter wheels. To reduce this
loss, therefore, the posterior part of the vane can be curved
inward to increase o in this region.

It would even appear thatoao should be
increased to its maximum value of 90° in
crder to cancel gpeed v, Nevertheless,
since it 18 a good idea to ensure the
discharge of the air, which tends to escape
alpng the working surface due to the
pressure differential between the front and
rear surfaces of the wheel, and to recover
part of its energy, it should be to advantage

to allow the tangent to the discharged air /45
Fig. 19. Incurvatedd to make a given angle with the peripheral
profile. speed in a manner -similar to that of a
turbine blade, that is, 10° for thils angle
and a' = 80°.

It may be noted that under these condltions the vane will
once again be straight with large radiiy;, where the angle of
attack is close to 80°., To determine the significance of this
loss, one may refer to Table 3 to see how the elemental efficiency
is affected by eddies computed on the basis of Eq. (7) 1in the
case of vanes with a stralght profile. -

TABLE 3
T
{(distance from shaft 0.50 m lm 2 m 3 m
shaft)
Type T 0.058 0.113 1.145 0.158 p with-
out losses
m = 0.209 n u 0.136 0.145 p_. With
' ‘lssses (7)
Type II 0.134 00158 0,165  0.17
m =.G.628 0.127 OflS? ...:Ofl?l...ofile,_Pp_,
Type IiT 0.17 0,173 0,16 0.178 P
m = 1,04 0.1k2 0.14 0,138  0.15
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In regard to Type IIL, for example, the efficiency for ¢ = 1
is decpeased by 12%, and with Type III, by 18%, -

As for the problem of improving the efficiency, our
theoretical findings show' 'that the element under conslderation
will be counterbalanced by the eddies as its distance from the
axis increases, to the point that the &fficiency is lower at
3mthan at 1 m with Type II. Thus there is a sort of equivalence
With Type II, with the efficiency undergoing little variation
along the radius, up to 3 m.

Fig. 16 gives the mean or owerall efficiency for wheels with
diameters of 0 to 10 m (R = 5 m) in the case of vanes curved to
the rear in such a way that the exit angle = 80° (plotted as
an unbroken line).

Choice of tpm, taking losses_into account._ The theoretical /U6
higher efficiency for Type III at the rating m.,. We are now

capable of revising this Jjudgment to some exteét, allowing for the
fact that, given equal efficiency, the slower assembly will re-

quire less careful construction, will undergo less wear and tear,

and censequéhtly wirll be preferable. After examining Fig. 16
(unbroken line), we can thus choose the rpm in the following

manner:

Diameter

D =1.20 to D = 3 meters (usual case). Type III: m = 1.04
D=3m¢toD==6m Type II: m = 0.628
D greater than 6 m. Type I: m= 0.229

It may be noted that with a suitable choice of assembly
type, one can count on a mean overall efficiency of 0.15 in all
cases, which will facilitate preliminary design. If W is the
power to be obtained with a wind V., R can be computed by the
formula W = 0.15 AVO e R, It is ghen possible to select the

assembly type and the corresporiding rating m.

- Spaclng of vanes. The efficlency of a windmill with a large
number of vanes is frequently sald to be lower than that of an
assembly whose vanes are get at wlde intervals. . However, as we
have already pointed out, our main concern is the ratlio 4% the
useful power to the size of the assembly, or in other words, the
cirele swept by the blades. Consequently it is advantageous to
place the largest possible number of working surfaces within this
eircle, even‘thOugh the individual efficiency may be lower, rather
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than to use four wldely-spaced blades, operating at high effieclen-
cy but occupying only a small part of the circle,

One satisfactory sclution from an aerodynamic standpoint
would obviously be the use of a single helicoldal surface with
variable pitch, offering complete utilization of the cylinder of
air bounded by the outermost contour of the assembly. Construc~
tion would be difficult in this case, however,

Nevertheless it would be to advantage to decrease the number
of vanes, provided their &rea is increased, as long as the resul-
tant construection problems do not appear to be excessive.

With ordinary wheels having 18 or 20 blades, which are ex-
tremely easy to construct, a gap corresponding to € = 0.75 should
be adequate to prevent any detrimental effect of one vane on & /47
neighboring vane, at least to a large extent.

Since this effect could undoubtedly result in tas partial
reciprocal cancellaticn of the overpressure on the forward surface
of one vane and the negative pressure on the back of the followlng
vane, 1t may be assumed that the high-incidence types, such as
III, whose aerodynamic surface is nearly vertical, should permit
a much more contiguous arrangement whille retaining an efflelency
quite close to the computed value. This would therefore be another
polnt in their favor.

Conclusions
According to the results of this study, the characteristics
of a wheel with satisfactory efficlency may be summarized as fol-

lows.

1. The rotation speed N should be chosen with respect to the
diameter, by sélecting an appropriafte rating:

- 2N _
mEgv, T,

VO theoretically varylng no more than + 5 m/sec.

2, The selectlon of m involves the cholce of a type of vane
characterized by a given distribution of incldent angles along
the radius. The prolees are lhcurwvated to the rear.

Under these conditiong, the maxlmum efflclency is 0,15 under
nermal winds,

Fairly precise rules of construction must therefore be lald
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down, but these assemblies remain limited to low-power usage. On

the other hand, they are able to cperate day and night without any
monitoring or maintenance costs, and they are extremely simple in

design.

Nevertheless it is unfortunate that sﬁch a low-density fluid,
and one which is available absolutely without cost, must be used
1n a machine whose efficiency is so low.

In a 7 m/sec breeze, a 1 hp motor will require a wheel 6 m
in diameter, which would be extremely cumbersome; if the efficiens
cy could be raised to 60%, the diameter would be only 2.70 m.

However, we have seen that the theoretical efflciency can be
no higher than 18% and that the low efficiency of these devices is
due to the very nature of their mode of operation.

It 1s therefore necessary to look for assemblies of another
type than those using the direct thrust of the wind. Apparently
it ®hould be possible to use turbines, whilch are theoretically
capable of high efficilency. The problems involved 1n capturing
wind energy appear to arise from two main causes: the irregularity /48
of the direction of the fluild as it enters the blades, and 1its
high mobility, which generates Vortices.

The best mode of operation would seem to consist of two phases:

1. The conversion of the kinetiec energy of the wind into
statle pressure.

2. The use of this pressure in.a strong-reaction turbine,
This problem merits the attention of designers, since so far
American imports have dominated our supply of these assembliles,
while the lower cost price of the natlonal production, free of
freight tharges, should leave a margin permitting the realization
of an assembly, even a more complex one, whose output would be
higher.™

This l1s completely accurate. In the Olse, Alsne and Selne-
et~Olse Departments, we have seen wind motors wlth a number of
simple galvanlized sheet metal blades bullt by the Cyclone Co. in
Compilégne and by the Etabllssements Chéne of Salnt-Quentinp ‘and
American "Aermotors,"starting under extremely light winds and
driving a pump or generator for several days and nights . in cases
where windrmotors with four or six blades. would remain motionless,
The latter are preferable in high-wind aress such as the seacoast
or the mountains, where periods of calm are scmewhat rare,
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Starting in a low wind requdres: low wheel inertia and light
mounting and blades, the latter constructed of thin sheet metal;
perfect balancing and all bearings on balls or rollers, those
of the wheel shaft as well as those Iin the transmission,

With these requirements, low winds can be used. These are
the most freguent in occurrence in France, where the terrain is
Interrupted by numerous hills and mountains.

Equations glven by Commahdelr Riet: P in horsepower:

American wheel with numerous blades:

sv3

P = —=—_
1500
An area of 12 m2 will develop 1 hp in a 5 m/sec wind.

6 Windmillsdesigned by Prof. La Couf, with four vanes (Figs.
and 7):

sy3
1250

2

One horsepower with 10 m™ in a 5 m/sec wind.

Scerensen six-vane windmill (Fig. 46):

sv3
600

Fanen

Here, with equal area, the power is 2 1/2 times that of the
American turbine.

The @Gonstantin turbine, with two or four blades identical
to those of alrcraft propellers; this assembly is not yet com-
mercially available, but its formula would be:

o
500 .

P
With equal dlameter, lts output would thus be three times
that of the American turbine (Fig. 56).
Bowever, as Commander Riet states, the American turbine has

the advantage over all other systems of being able to start in
winds as low as 2.50 to 3 m/sec.
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According to Houard and Lémonon, thé_following‘results are
obtained with a 10 n/sec wind,

Diameter of Wind " Rpm “Qutput In hp
Wheel =
2.05 m 75 to 80 0.50
3.00 m 70 to 75 0.70
3.65 m 65 to 70 1
3.90 m 60 to 65 1.40
4.25 m 55 to 60 2
4.85 m 50 to 55 2.80
5.45 m 45 to 50 3.70
6£.00 m 40 to 45 4
7.60 m 35 to 40 &
9.15 m 30 to 3% 8
POWERING OF GRAIN WINDMILLS AND AGRICULTURAL MACHINES, /50
ACCORDING TO THE SACHSICHE STAHL-WINDMOTOREN FABRIK
OF G. R. HERZOG, DRESDEN
Diameter of With Agricultural For Mill- For Rolters for
Wheel in m Implements, Re~ stones with Crushing Grain, per
" placement of: a4 Diam. of: hour:
Finé Ground Coarse Grnd
4 Hand labor. 0.4 m 60 kg 80 kg
5 1 to 2 hp 0.5 m 150 kg 300 kg
6 2 to 3 hp 0.6 m 175 kg 350 kg
7 3 to 4 hp 0a88mm 200 kg 400 kg
8 4 to 5 hp 1.0 m 250 kg 500 kg
9 5 to 6 hp 1.25 m 300 kg 600 kg
10 6 to 7 hp 11500mm 450 kg 900 kg
11 7 to 8 hp 1.95 m

600 kg 1,300 kg

Wheel Diameter ‘ Output in Horsepower Under Winds Speeds of:
b toBm. .. ... BteTm. ... . . 8m ..
.20 m 1 3/h 3 4 1/2
6.50 m 1 3/4 ho14HK 6 1/2
8 m 2 1/2 6 8
10 m 4 8 12
12 m 6 12 18
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OUTPUT OF THE "HERKULES" [?] WIND MOTORS PRODUCED BY [51/
THE VEREINIGTE WINDTURBINEN WERKE, DRESDEN

Diameter of OQutput in Horsepower Under Wind
Tlrbine ‘ .. . . . Speeds of:. N
In meters in Egg%ish .5 m/sec o & to T m/sec ... .. 8 m/sec

2 1/2 8 1/6 2/3 3/4
3 10 1/4 3/4 1

3 1/2 12 1/3 1 1 1/4
4 13 1/2 1 1/2 2
4 1/2 1k 3/4 2 3
5 16 1 2 1/2 ol
h 1/2 18 1/1/4 3 5
6 20 1 1/2 b 6
6 1/2 21 1 3/4 hise T
7 22 2 5 8
7 1/2 24 2 1/4 5 1/2 9
8 25 2 1/2 6 10
8 1/2 26 2 3/4 & 1/2 11
9 30 3 7 12
10 32 b 8 14
11 36 5 10 15
12 : 40 ) 14 20
13 1/2 43 8 19 28
15 50 10 25 36

Information to be supplled to the deslgner of a wind motor /5

to be used for drawing water, sprlnkling, irrigation, draining —
of swamps, submersion of grapevines or supplying of water to
farms, homes or factories (Filg. 20):

1. The amount of water to¢ be drawn per minute or per day.

2, The helght above ground to which it 1s fo be raised (D).

3. The total depth of the well (4).

4, The average héight ofithe water in the well (G).

5. The length of the delivery pipé (E).
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OUTPUT CHARACTERISTICS OF THE HALLADAY WINDMILLS (FIG. 33) WITH DIFFERENT
WIND SPEEDS '

Outeside Inside Total Output of Wind Motor in hp/sec at wind speeds of: Rpm under
Diam. of Diam. of Area of ‘ o L _ an average
Blades Blades  Blades - _3m- "4m S5mm 2bm _Tm 8m o 9m . 10 m .. windndf T m/sec
2.400 m 0.750 m 4,100 mg .02 Q.05 0,09 0,15 0,21 0,37 0.55 0.70 60
3.000 m 0.850 m £.500 L 0.04 0,09 0.20 0,30 0,50 0,70 1,04 1.43 52
3.600 m 1.650 m 8.400 s, 0.06 0,15 0,30 0,50 0,74 1,13 1.61 2.20 47
3.900:m 1.800 m 9.400 m, 0.07 0,17 0.3%4 0,59 0,90 1.45 1,99 2.72 ; 4L
4,250 m 1.150 m 13.140 m, 0,10 0.25 0.49 0#85: 1,30 2,01 2.80 3.90 4 b
4.850 m 1.240m  17.260 m, 0,15 0,35 0,68 1.7 1.80 2,70 3.84  5.50 37
5.500 m 1.750 m 21.350 m; 0.17 0,40 0,87 1,49 2,31 3,5 5,06 6.95 32
6.000 m 1.750 m 25.860 m, 0,23 0,55 1,08 1,86 2,88 4k 6,31 8.60 30
7.600 m 4,400 m 30,160 m, 0,35 0,66 1,30 3,000 3.40 5,30 7.50 10.00 21
9.150 m 4,400 m 50.550 m™~ -0.50 1,10 2,20 3.80.- 5.90 9,00 13.00 17.00 18
~
n



6. The height of obstacles around the well which shelter
it from the wind (trees, houses, elevationg in the terrain) (F).

7. The distance of these obstaclés from the silte chosen for
thewwindmill (G).

8. Whether the windmill should be bullt on anstructural lron
Pylonyoakmasonry tower or a reinforced concrete pylon/tank.

Fig. 20. Installation diagram.

Information to be supplled for an electrical installation:

The number of lamps powered by the 1lnstallation.

The number of lamps illuminated at one time each day.

The number of hours per day for which they are on.

The luminous intensity. /54
The distance of the pylon from the buildings lighted.

Whether the wind motor l1s to be installed on an elevation, on
flat land or in a valley.

The approximate helght of surrounding obstacles within a
radius of 150 to 200 m,

he



Chapter 3

MULTIPLE BLADE WIND MOTORS... .. '

The Henry "Venetian Blind" blade wind m@tors Bdﬁlognee
sur-3Seine LT T

The blades of this assembly are made of wood and are /55
mounted on an octagonal steel frame (Fig. 21). Orientation is
obtained by means of a rudder G and the assembly turned aside
from the wind by means of a lateral ailercn P returned to positdon
by a counterweight C at the end of the lever.

The energy from the hand crank on which the paddle wheel
is mounted is transmitted through a vertical rod and pin to a
pump installed in the center of the base of the pylon.

Fig, 21. Multiple wooden blades on a i
steel framework

Generators with sheet steel blades

All wind generators of American design (Aermotor, Gold
Shapley and Muir, Flint and Walling, etc) some of German
design (Adler), those of English design and most of French
manufacture are bullt with multiple blades (18-30, depending
on the dlameter of the wheel) which are more or less concave
con the windward side. Their length is approximately 2/3 the
radius of the wheel and they are affixed to a circular frame
made up of flat steel bars.

=,
Loyl
(=)

I;

Fig. 22.shows a wheel assembly manufactured by Aermotor
of Chicago and Fig. 23 a detail showing how the incurvated steel
sheats are attached, by means of a rib C placed against the
surface confronting the wind.
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Fig. 22.
blades

Sheet steel

Fig. 23.

The effect of this rib is to
lnecrease the eddies behlnd vanes,
which detract from the -
eff101ency

Flg. 24 shows the framework
of a wheel 7.50 m in diameter,
manufactured by Cyclone of Com-—
piégne.

A1l these assemblies are
oriented by means of a rudder;
Fig. 25 shows the details of
construetion of this device.

“~
~3

The assembly 1s generally
turned aside from the wind by
the use of a horizontal shaft for
the wheel which is off-center in
relation to the vertical pivoting
shaft. Fig. 26 shows this device
on a Cyclone (French) and Fig.
27 on an Aermotor (American).

Other manufacturens, such as
the Etablissements Chéne in Salnt-
Quentiny, Henry, Vereinigte Wind-
turbinen in Dresden, and F. Koster,. .
of Heldg,- Holsteln, use a fizxed
aileron In the plane of the wheel
(Fig. 45).

The use of a wheel off-center
from the axis of the pylonp does
not allow for the direct control
of the vertical rod. Therefore
there must be a gear train between
the shaft of the wheel and the
hand crank which actlvates the
rod.

For this directucontrol, it
is necessary to use a lateral
alleron system to shield the wheel
from the wind; in addition, this
type of system is less costly to
build than the excentric system.

/58

The rudder is generally

returned to its poslition perpendicular to the plane of the

wheel by means cof a long spiral spring (Fig. 26).
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Flg. 24. Framework of a
wheel 7.50 m in diameter

(Cyeclone).

qﬂafq,a~?ﬁzgj]
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Flg. 25. Rudder for
orlentation

Aermotor (Fig. 27), a shock-
absorber spring #&s opposed
to the action of this draw-
back spring, while a few
designers (Couppez in Paris
and Henry [Fig. 211, among
others) useda counterwelght
with lever.

The wheel may be furled
or turned aside from the
wind from the f£6ot of the
pylon by means cof a steel
cable wound onto a winch
(Fig. 28).

Inclination of the shaft
of the paddle wheel toward the
horizon, which 1s advantageous
fnom the standpoint of
efficiency, is possible only
when the transmission to the
ground consists of a vertical
shaft or when there is a gene-
rator . at the base of the main
shaft (see Chapter 8 on
Transmission Systems).

The head of the wind

e )

mgker at'the top of the: . =

pylon is pivoted by means of
ball beanings or rollers;

Fig. 9 shows a detail of this
mechanism on a Cyclone assembly
{French) and Figs. 30 and 31

on an Adler (German).

Fig. 26.
2.80 tod5.70 m 1n diameter (with rod).

Mechanism (Cycleone) for wheels
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Flg. 27. Mechanism of
the Aermotor (with rod).

Key:

a&. Heavy steel puide
for rod

b, Guide wheel for
rod, with continuous
lubrication

c. Two rods ralsing
the load vertically

d. Double gears counter-
balancing stresses

e. Transverse shaft
supporting the guide
wheel and the two
rods-

f. Ring lubricator for
upper journal boxes

g. Effeetive shock
absorber

h. Gearbox and oll tank

i. Simple furling device

The cable or eonnecting /59

rod wnich serves to control

the furling of the wheel from

the ground will obvicusly be

unable to follow the rotational

movement of the windmill
around its vertlcal axis.
As a result, this cablle is
divided into two branches
whicdh are secured to a ball
race to the upper part of
which are attached two
chalns or cablies which
activate the rudder. The
movement of the cable on
the ground may thus be
transmitted to the chains
of the rudder, which turn
only with the head of the
wind motor. .

Figs 29 and 31 show
the cables and chalns
involved. 0 . il

Halladay windmill with
improvements by Schabaver
of Castres (Tarn) (Fig.
33)

Fig. 34 shows the
detalls of this assembly:

4) Cast steel® platform
attached to two vertical
girders connected to two

other horilzontal girders /60

imbedded in the pylon or
towerd

This platform is -
reinforced by two bars (E)
which connect two other
points in the circumference
opposite the two girders,
thus giving it four points
of support. This platform
serves as a roller-track

* St L . IR Lo . . B A-,. K
[Translator's note: or cast iron.}
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Fig. 28. Winches for the

cable controlling the
turning aside of the wind
wheel (F. Koster).

Head of the
Cyclone wind generator.

Fig. 29.

connecting rod:(R).

for the rotating platform B,
which is made up of two parts:

"'A%p

1. A ring of bevgil’ rollers
similar to those of raillway
turntables.

2. The moveable platform
itself.
in all directions around its
center due to the rudder V)
at the rear, and the vanes are
thus in an appropriate pésition
to recelve the direct thrust of
the wind. g

The edge ¢f the platfitrm
is flanged downward to protect
the lower table and the rollers
against water and any foreign
bodies which might hinder the
rotation of the assembly.

The platform 1s equipped
with antl-frictlon iournal boxes

which recelve the horizontal shaft.

The excentric disc (M) which
transmits the movement of the
rod (L) 1s attacheduto the end
of this horizontal shaft. At
the other end of the shaft is a
star wheel (CC) with each of 1its
armg attached to one of the
winémill wvanes. No matter what
poddtions are occupied by the
rotating platform (B), which
determines the rotational move-
ment of the rod (L), the pump
is kept in regular operation by
means of the bearing (S} and
its ring, forming a Hournal

bearing, the regulator (Z), which

regulates the stroke, and the

joint (X) on.yhi¢h the bar which -

passes through the bearlng ana '
the regulator ds rofated. o

This part 1s able to move

AYS

One advantage of this arrangement ‘

is that it does not prevent the
automatic expansion or folding
of the vanes by stopping the

cennectimg rod (R)
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Fig. 30. Ball bearing for

head of pylon.

o Big. 31. Head of pylon

and foundations of wind

- wheel.

Fig. 32. Connection of
reinforcing rods or
cables of pylonss(F.
Késter).

The unusual characteristic
of the Halladay windmill is the
vane regulator (Figs. 33 and 34);

In front of the CC star
wheel on the drive shaft there
are six bent levers (Y), Whose
outside ends are connected to the
vanes by anciron rod which opens
or closes them) the other end,
which 1s much shorter, is
connected by a small rod to the
ring D which moves on the shaft.
This ring moves inside a larger
fixed ring, whiech , equipped with
a forked bent lever REidnd acunbor
counterweight W, controls the
opening of the shutters.

At the outward ends of the
rods which maintain the shutters
there are weights whose purpose
is to decrease the area of the
vanes presented to the wind as-
the wind speed 1ncereases beyond
a given llmit. The effect of
these controloweights is exactly
opposite to the that of the
counterwelghtuW, which tends to
open the wvanes as the speed of -
the wind increases. With this
design, the Halladay windmill is
able to operate at a unifiorm
speed no matter what the wind
speed may bef

To stop the windmill and close the shutters, one need only
draw down the connecting rod R and fasten it at the end. This
connecting rod, which communicates at N with the lever F through
the rod R and the counterweight with chain Q, moves the disec D
to the rear and ckoses the shutter. The only purpose of the
‘welght:@Gids to cancel the weight of the rod R and R'.

It may be noted that the regulator DY.establishes direct =

communication with each shutter,

and sets up direct action of the

control weights of the shutters on the moveable part and its

joints. In this way, it gives

parts of the assembly.

positive movement to all the

Since these parts operate when the wind is quite hign,

wenr and tear is minimal.

58

PAGE 18

ORIGTNAL COR OU Ay



gese

v -  ———— e e n o

i
e

Fig. 34, Details of the
Halladay windmill.

Fig. 33. Halladay windmill 1
facing into the wing.

Thousands of coples of this windmill, of all diameters, have
been built in both France and the U.S. Because of its excellent
efficlency the Americans have given it the name "Standard.V

Twin Wheel Wind Motors

The Twin Wheel Manufacturing Company of Hutchinson, Kansas,
has an assembly with two so-called "twin" drive wheels mounted on /63

a single pylon, as shown by the schematic diagram in Fig. 36. The
rectangular fram b on Which the horlzontal shafts of these two
wheels are mounted 1s installed on & rotating platform p;.this
frame 1s reinforced by an angle-iron superstructure z.

The two wheels rotate in opposite directions and drive a shaft
a by means of two pairs of bevel pilnionSsmu w.r- Through a pinlon
with righthand toothling, the shaft a drives the toothed wheel
keyed into the crankshaft i, whlch activates the connecting-réd t
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i - of the pump through two upper
rods, This mechanism Is similar
to that of the American "Aermotors,"

The assembly 1s coriented by
means of a rudder g with an articu-
lation at o and held in a perpen-
dicular poslition on the frame b
by a spirszl spring r.

The zagsembly is turned aside
from excessive winds by means of
a fixed aileron:e; the rudder ¢
can be brought into the planeodf
this aileron at will by pulling
on a chain ¢ which makes it possible
to stop the windmill by placing its
wheels in the direction of the wipd.
The Twin Wheel Company states that
its windmill is the most powerful
in the world, a result of its wheel
dlameter, which actually is quite small: 8 ft, 1.e., 2.44 m; 10 ft,
i.e., 3.04 m; and 12 ft, i.e., 3.65 m for the three models which
have been bullt. Obviously, however, with two wheels the output
will be twice that of an assembly with one wheel. However, the
mechanism is complex and it would be simpler to increase the
Glameter of a single wheel as most designers do.

Fig., 35. Halladay windmill
turned aslide from wind.

The Bollée Wind Generator with Governing Blades -

The following decuments - :on the origin of the Bollée wind
generator Have been supplied to us by Mr. Amédée Bollée of Mans
{Sarthe):

Patent, applied for March 30, 1868, by Ernest Bollée, and
issued June 9, 1968.

Patent 167726, applied for March 17, 1885, by Auguste Bollée,
son of the above; probable date of 1lssuandée August 4, 1885, :

In the first document a clalm l1s entered for the use of a
fixed "governing" wheel equipped with curved vanes designed to
direct ailr currents perpendicular to the plane of each vane on
the drive wheel located to the rear and on the samézhorizontal
:shaft, "in such a way as to influence the movement of this wheel
as directly as posslble." The drilve wheel is connected to the
transmission by a bevel gear, and to. compensate for the drive
torque, which prevents the drive wheel from "standing completely
perpendicular to the direction 6f the wind," Bollé€e has placed its
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Flg. 36. Twin wheels.

horizontal rotating shaft off-center in relation to the vertical
orienting shaft. The entire drive assembly is mounted 50 as to
pivot on a spindle ending in a large guyed column.

Subsequently, Bollée replaced the rudderwwlth a small
Delamolére flyer, a small-scale model of which 1s still in the
National Conservatory of Arts and Crafts in Paris. The vertilcal
shaft of the transmission was placed inside the column, and the
method of elevating water, which initially consisted of a bucket~
and-chaln system, was replaced with a pump. A spiral stailrcase
was installed around the columny maklng 1t possible fo e¢limb to
a platform immediately beneath the governing and drive wheels,
the orientation mechanism and the gearbox of the upper bevel gear,

Patent 167726 contains a drawing showing this final model and
a funnel system placed around the periphery of the fEgoverning" /65
wheel fortithe purpose of capturing a large guantlty of air and -
thus increasing the speed and output of the windmill, The arrange-
ment was completed by a semi~sphere on the hub., This drawing is
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~given in Fig. 37.

|

a Moulinet orienter o

vand

Fig. 37. First Bollée turbine, on a pest with guy-wires,
Key: a. Flyer.

We believe that the word "éolienne" which Ernest Bellée used /66
to describe his wind generators was originated by him.

The 1868 patent describes a wind_genérator with buckets and
chain.
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Currently the Société'dés Eoliennes Bellée [Bollée wind
Generator Comganyj is building. four different-size models with
respective diameters of 2,50 m, 3,50 m, 5 m and 7 m, '

The movable wheel and the Tixed wheel have a common frame-
work consisting of a hub, extruded steel spokes and a sheet steel
rim 2 mm thick. The vanes are secured on this rim by means of
hot-bent angle irons . strietly aligned with the proflle of the
vane. The vanes are connected t® each other at their periphery
by an external sheet steel rim 2 mm thilck,

The flxed wheel and the
movable wheel are bent on cast
forms at a temperature of L007;
this temperature ensures that
they wlll retain their curwvature
after ccooling.

The movable wheel, which
is very slightly offset from the
axis of symmetry of the pylong
is not overhung. Its shaft is
attached to the center of the
fixed wheel by a ball bearing,
and is also secured by a second
ball bearing of one plece with
the system of guys which will be

bcﬂmgﬁ%g L\ discussed bélow, mounted at 1ts
-~ Mﬂﬂ W%Eﬁ H”ﬁ two extremities. This device /67
AR COE R | diminishes the fatigue of the
Fig. 38. Diagram of the Bollde 3?2?;35 ;gggr the effect of
turbine. ‘
Key: a. Wind The flxed and movable wheel
o .o assembly is guyed so as to form
D. g?legtiﬁg Techanism. a rigld triangular whole. Flg.
é‘ MéﬁZblg i;eél 38 gives a schematiec diagram of
e. Weight. thls guying system.

Orientation and Disorientatlion Mechanlsm

Automatic orientation and discorientation of our wind
generators is provided by a specially designed swivel (Fig. 40).

A wheel with blades b is normally oriented, by means of a counter-
weight D, in a plane perpendicular to that of the fixed and movable
wheels.  This wheel with blades, rotating on a horizontal shaft,
1s of one pilece with a frame f which is able to turn on a vertical
axis. The wheel is thus able to performatwo rctational movements,
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AN / Fig. 40. Details of the Bollée
Y orientation mechanism.

around ahhofizeontal shaft and
around a vertical shaft, which
are sufficient to orient the
assembly and turn it aside 1in
excessive winds. During orienta-

1y
I el 2 z,ksﬂ-'»'.-.lej

tior, the bladed wheel functions /68
Fig. 39. Bollée turbilne on! as an ordinary wind rose on a
concrete tank. toothed ring I secured on the

pylon. If -the wind speed exceeds
12 m/sec, the bladed wheel and

its frame are able rotate 90° on thelr vertical shaft, this
rotational movement being limited by 2 stop which places fhem in a
position parallel to the wheels of the wind generator. This
mevement swivels the fixed-and movable wheels into the plane of
wind, thus turning aside from its direct thrust. As soonaas the
storm wind has stopped, the counterweight D returns the bladed
wheel to its position in the wind.

4 lever mechanism makes it possible to actlvate the counter-
weight D to return the wind generator to its position in the wind
from the base of the pylon. by means of a cable and winch,

The swivel assembly is mounted on ball bearings. The cast
pinions are contained in gearboxes with oil baths,

The transmission consists of a rotating vertical shaft.
We asked the Soci&té des Eoliennes Bollée if thelr system us=

ing a fixed governing wheel Improved the efficlency of the wind
generator. They stated that the ratio between the effective wind

o ® e oo )
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power computed by the formula ng_ and the power represented

<& _ _
by the weight of the water actually elevated to a tank by the
pump is approximately 40%. This net efficilency iIncludes that of
the wind turbine, that of the wvertical transmission and 1its two
pairs of bevel gears, that of the pumps and their control
mechanisms, and the loss of head in the piping.

If this is indeed the case, it provides sufficient proof
of the value of the improvement obtained by adding a governing
wheel, (See Chapter X.)

. =
2 S

The Use of hmeriéan Windmills in Tunisia

Mr. Gagey, a teacher at the Colonial School of Agriculture
in Tunis, has written an interesting article which has appeared

[Bulletin '‘of the Administraticn of Agriculture and Commerce ]
for January 1904 on the use of windmills in Tunisia. The follow-
ing discussion has been extracted from this article.

Tests. At the School of Agriculture, we have made a few tests
on the #érmotor 4.20 m in diameter, mounted on a 2l-meter pylon, prd- ;&
diéedc™ by Mr. Leclerq of Tunis. However, lack of an anemcmeter
prevented us from checking the above formula, since it was impos-
sible to determine the exact speed of the wind at this height.
Thése tests are to be performed this year, since currently there
are few statistics available on windmills, and 1t 1s necessary to /69
obtalin precise data in this area in order to make a well-founded
choice of assembly.

The tests were performed with either a Prony brake or:
the Ringelmann automatic grip and release brake.

Jan. 19, 1903, Wind estimated at approximately 7 or 8 m/sec:

Rate of Operation of Pulley Effective Power wlth Brake
With - w282 rpm 60.46 kg
Pronyit. 244 rpm 63.46 kigg
brake 228 rpm 70.36 kg

May 26, 1903. With Ringelmann brake. Rate of operation of
pulley: 44K rpm; effective power with brake: 74.41 kg, or close to
1 hp. )

June 1, 1903. Light storm winds:
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Load with  Number.of Rota- Effective. Power

Brake Ctilong of Pulley __with Brake
With .- =7 L kg 472 rpm 131.8 kgm
Ringelmann™ ' - k52 rpm 63,8 kgm = 0.8 hp
brake
5 kg 366 rpm 127.75 kgm
544 rpm 189.88 kgm =
2.5 hp

Overall average: 128.2 kgm = 1.7 hp.

The tests on June 1 were performed from 4:00 tc 5:00, It
may be seen that in one hour the minimum power was 0.8 hp and
the maximum 2.5 hp, which shows the wide irregularity of the work
furnished, due to variations in wind speed.

This alsc shows that tests on windmills are falrly problematic,
since only daity, monthly and annual averages can be tabulated.
A test with the brake applied, performed once by chance, will be
of no value. For the proper study of a windmill it would be neces-
- sary to use a recording anemometer and a recording brake in order
to establisgh accurate averages.

From the June 1 tests, it appears that a 4 ,20-meter windmill
would be able to supply barely 2.5 hp under light storm winds.

June 23, 1903. Approxlmate wind speed: 7 m/sec.

Load No. of Rotatlons of _ +lEffective Power /70
Pulley ) with Brake
With 7 kg 384 rEm 53.86 kgm
Frony
9 kg 252 45,11 kgm
Brake | 366 65.51 kem

Test average: 54.82 kgm = 0.73 hp.

Through a cable and intermediate mechanism, the Aérmotor of
the School of Agrleculture drives a siphon-pump 89 mm in dlameter
which elevates water to a total height of 11.70 m. The sucflon
height 1s thus 2 m.

The speed reduction with the pump iS'I§l7.
The final toothed wheel which attacks the piston rod makes
it possible to obtain four different lengths of stroke for this

rod, f.e., 15.cm, 24 cm, 31 cm and 35 cm. Our pump operates with
a 2&—cm stroke.
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The theoretical volume of a cylinder 1s thus;

HRE H = 3.1H‘x"0,OHh52 x 0,24 = 1,4921 liter

The average of an extremely large number of pump strokes
was found to be 1.47 liter, and in fact the volume of water
elevated by piston pumps 1s actually known to be slightly less
than the theoretical volume of the cylinder.

May 30, 1903. The pump operated at 25 stvokes per minute,
which corresponded to 390 rotations of the base gearshaft, or
65 rotations of the windmill wheel.

Thus the flow rate per hour would be:
1.47 & x 25 x 60 = 2.205 m3

With a satisfactory wind this flow rate can be increased by
adjusting the pump to ghe long 35 cm stroke, which would result
in approximately 3.8 m”/h.

There are still highly significant tests to be performed
along these lines. Gdnestous has performed these calculatlions,
from a theoretical standpoint, in the Revue tunisienne de
1'Institut de Carthage [Tunisian Journal of the Institute of
Carthage], {No. 36, October 1902).

The main shaft of the Aermotor of the School of Agriculture
drives a crushing mill with cast grindstones.

We have operated this mill with different types of grailn. /71
It is able to produce flour, like our mills with stone grindstones
or like the Schweitzer windmill; it is able to produce semolina,
which is used by the Arabs, and is able to crush wheat, barley
and oats. It is therefore a useful farm tool, since it 1is able
to use a natural force to prepare animal provender. In addition,
when 1t is not otherwlise in use, it could be used by the farmer
to do his grinding at low cost, However, windmills are known
to require a great deal of energy, and thus a fairly high wind
will be necessary for operation, Neverthelesg 1t would still Dbe
possible to perform "Arablan" grinding, the work requiring the
greatest amount of power; it would merely be necessary to perform
“the operation several timeg, making successive passes to grind
the flour to increasing fineness.

Jan. 5, 1903. Low wind. We made semolina from hard wheat
by performing five successive passes.
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Pass Length in Sec '~ =~ Speed of Grindstones in rpm

1 55 158
2 60 172
3 120 84
4 120 . 156
5 125 1h4

June 8. Again, semolina was made from 10 kg of hard wheat
in four successive passes,

Pass Length in Sec Speed of Grindstones in rpm
1 6 140
2 12 152
3 11 80
ot 14 70

The product was passed through an Arabian screen and the
yYield was as follows:

From 10 kg hard wheat:

Counting the time of transfer to the hopper, therefore,
7.600 kg semolina were produced in approximately one hour,

June 22. The wind was fairly high to make only a single pass.
Arabian grinding was performed on 20 kg hard wheat for 8 min 42 sec,
for a rate of 137 kg/h. The average speed of the grindstones was
214 rpm.

15 kg oats were crushed in 8 min 5 sec, for a rate of VA
111 kg/h, with the grindstones operating at 273 rpm. The operation
i1s performed very smoothly, without noise.

&

Finally, 15 kg barley were crushed for 6 min 10 sec, or a
rate of 145 kg/h, with the grindstones at 349 rpm., Here it was
necessary to have a somewhat higher ,wind] estimated at approxi-
mately 10 m/sec.

The above filgures show that, with sufficient wind, the wind-
mill is able to crush at least 100 kg/h of material. It could
thus be extremely useful, even on & farm with a large number of
cattle.

In America, the ideal country for windmills, a few experiments
have been performed and~ have yleldedr highly«attractive results.
These were the experiments of Prof. Murphy on the output of wind-
mills and those of Prof. King on grinding performed by-the same
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windmills,

government hydrographical engineer in Lawrence, Kansas, has

appeared in the Bulletin de la Société d'encouragement pour
1'industrie nationale [Bulletingof the Associlation for the

A translation of the experiménts of Prof. E. C. Murprhy, a

Enccocuragement of National Industry] (No. 4, April 1893).

A sum~

mary based on the report in this Bulletin will be given below.

This investigator worked with 27 windmills of different

types and sizes.

If one compares windmills wilth the same diameter
all driving pumps whose dimensions, although they may
bined with the height of elevatlion, are such that the

per pump stroke is the same (11 to 13 kgm), one finds:

of the Idéal assembly drops more rapidly than that of the Aermotor,
which , on-the other hand, undergoes a constant increase.

Aermotor
Idéal
Gem

RN .. o,
Aermotor
Idésal
Gem

This maximum power was:

Minimum Wind Speed = . . i
‘for Starting Windmill

3.40 mgszec
4 m/sec
4,50 m/sec

Maximum Power Reached
at a Speed of:

133m/sec
8.80 m/sec
13 m/sec

Gem: 1 hp
Idéal: 1.8 hp
Aermotor: 2 hp

(2.45 m3,
vary,
useful work

com-

At a speed of 8.80 rpm, however, the Idéal assembly reached
the maximum power of 1.8, as opposed to 1.7 for the Aermofor,

This finding shows that under high winds the oufput curve

high winds are more efficlently used hy the Aermotor.
it may be noted that this curve for a windmill can very easlly be

changed,

its spring by means of the adjusting nut.

Thus
Nevertheless

One need cnly slow down the vanersystem by stretching

A comparison of two 3,60-meter windmills, the Aermotor and
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the Gem, both driving a pump under conditions such that the
useful work per pump stroke is the same (62 to 63 kgm) shows
the following: '

Effective Power in Horsépower
at Wind Speeds of:

7 m/sec 8.80 m/sec 11 m/sec

Aermotor: Reduction 3 1/3 04137 0416 0.19
Gem: Reduction 2 0.100 0.12 0.14

It may be seen that the windmill with the highest reduction
is more efficlent. This is because the vanes will undergo a
greater number of rotations for a single pump stroke and the
assembly is able to overcome its load more easily and generally
will start better under low winds.

1f a windmill is heavily loaded it will operate only in
high winds; if its load ig slight it will start more easily under
a light breeze,.

Depending on whether the country involved has predominantly
strong winds or predominantly light winds, therefore, it will be
to advantage to give the windmill a heavy or an extremely lipght
load In order to obtain the maximum quantity of water per year.
This would be~true In thésecasesaf regular and continuous water
Supply, for a farm or a home, for example.

On thesother hand, if irrigation is being performed at set
timeg, 1t is necessary to know the wind system at these times and
to load the windmill accordingly so as to obtain the maximum
amount of water during that period. Data on average monthily
windspeeds are thus extremely useful for selectlng an appropriate
pump stroke.

We had previously seen that a siphon-pump 89 mm in diameter,
for example, could have four different strokes: 15 cm, 24 cm,
31 cm and 35 em.

™.
I

Thus one need only change this stroke évery month by moving
the rod on the large gear wheel, dependling on the average monthly
wind speed.

However, the wind speed will vary widely during a single
month and even during a sinkle day. For maximum effieclency, it
would therefore be preferable to vary the stroke automatically.
(See the description of the Hérisson mechanism in Chapter VITI on
transmission systems. ) :
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From the experiments of Prof, Murphy one can deriye the
following data on the effective power of windmills, measured
with the Prony brake.

Effectivé Power in hp for Wind Spééds

Load of per second of:

Brake _ D . ‘
in kg "3.60m 5.30m Tm 8.80m 11m 13 m

Perkins,

Qiem. 225 m 27 0 0 0.313 0.609 0.937 0
2.7 0 0 0 1.027 1.451  1.576

Aermotor, 1.8 0 0.403 0.553 0.653 1.020 1.086

diam. 3.60 m 0.91  0.089 0.285 0.386 0.458 0.523 0.540
0.70  0.050 0.073 0.087 0.111 0.128 0.151

This table shows:

(1) That given an equal wind speed and brake load, the. ~ " .7 7
Aermotor, although of smaller diameter, is more powerful than the
Perklns assembly.

(2) That under strong winds a 3.60-meter windmill will produce
approximately 1.5 hp.

(3) That at equal wind speeds the power increases with the
load -~ up to a given limit, obviously.

Thus when it 1s possible to use the Hérisson device, one
obtains the advantage of enabling the windmill to operate at maxi-
mum load, as in the case of recilprocating enginesg, for example.

Furthermore, the Murphy experdments show that the more the
load of the windmill is increased, the less its speed decreases.
Thus any 1lncrease in load beyond a given minimum is translated into /75
a barely perceptible loss in speed, butvéne which is valuable for
the efficiency of the assemblyh

Experiments of Prof, King

Prof. F. A. King of the University of Wisconsin has compared
the grinding of different types of graln by a gas engine and by
a windmill, using a windmill with cast grindstones of the Aermotor

type.

Here we will glve only the dafa relatlve to thé practical
work, that 1s, those relative to the weight of the ground wheat
and oats produced by a windmlll,
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Table 1 gives the amount of wheat ground into flour for

baking per hour with
work was performed by

Screen No.
Sereen No.
Screen No.

Sereen No.,

Wind Speed
m/sec

H Qo O e
o «Noa W g b

The percentage furnished with each screen explains,
the relative lack of difference between the product
processed at a wind speed of 8.8 m/sec and one of 11 m/sec.

example,

in

1 had
2 had
3 had

4 was

Weight of

TABLE 1

Flour Processed

per Hour

5 kg
79 kg
107 kg
306 kg
323 kg

H —3 co—~I\

il

L4g
.0%
0%
.0%
2%

16 openings per inch.

the finest screen.

1

1

the latfer case, the gquantity of flour No.
(60%), requiring considerable work by the windmill.

ten openlngs per i1nch.

3
7.
5.
7
3

eight openings per inch,

2

4
3
3
3
3

%
%
%
%
%

the percentage for each sereenling,
an Aermotor 3.60 m in diameter,

3

46.1%
Lh,2%

L7TO%

hh. 2%
35.8%

This

Degree of Finéness in % Material
By Screen No.

4

35.1%
31.5%
46.9%
31.5%
59.7%

for

In

4 was extremely high

Table 2 shows the output of a flour mill with the trademark
"N" and an Aermotor 4.80 m in diameter.

Wind Speed in

m/sec

Wheat:
4,80

7
10
Qats:
5.70
12

72

Welght of
Flour Pro-
cessed per

Hour

48 ke
136 kg
224

37 kg
140 kg

TABLE 2

1

3.3%
10.1%

L.7%

22.2%

17.7%

By Screen Number

22

3,47
15.7%
10.4%

10,.7%
13%

3

24,3%
15,7%
43.7%

- 36.8%

37.6%

Degree of Fineness in # Materlal,

4

69%
3”.9%
41.2%

30434
31.7%

~
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Conclusions

The preceding dilscusslon shows that on the whole, there Iis
little information currently avallable on windmlll output.

Use of the Coulomb equation for a given wind speed deoes not
produce results in absolute agreement with those furnished by
the brake, whieh are completely accurate.

Ringelmann gives & slightly dilfferent equation:

3

0.0795 S v~ k

In kilogram-meters: T

0.00106 § v3 X

1

In horsepower: T

And for k = 20 to 4. -

Finally, Mr. Mulotte, Superintendent of Bridges and Cause-
ways, has derived the following very simple equation from German
publications:

i
D3V
In ho r: T =
rsepowe m

D being the diameter of the vanes. The results given by this
equation also seem to be too high.

New tests with the use of brakes will therefore be necessary,
with corresponding wind speed measurements by means of an
anememeter placed at the same height as the windmill, andé it
will be necessary to derive a practical equatlion from these tests
which will make it possible to determine the diameter of the wind-
mill to be used to obtain a given output, at a given location and
consequently at a known average wind speed.

As & followup to the above article by Prof. Gagey, the reader
may want to consult the numerous tables given below, in Chapter X
on the drawing of water and Chapter XI on the production of
electricity.
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CHAPTER 4. WIND MOTORS WITH FOUR TCO EIGHT BLADES

Wind Motors with Thick Blades|

The Agricco and Aurora companies of Denmark and the Adler
Company of Germany use wheels with four, six, seven or elght
vanes, fish-shaped in cross section as shown in Flg. b1,

Tests to determine optimum profiles for alrcraft Wlngs have.

shewn that a wing wru1a . fish=shaped cross section will-not
produce significant eddies as it moves in the ailr.

The drawings in Figs. 42 and
43, prepared by the Adler Company,
show the differences in the eddles
generated by a thick vane and by
sheet metal vanes with a given
downward curvature.

Fig. 44 shows an Agricco wind
motor with four vanes a, which are
able to pivot on a shaft when the
wind becomes too vliclent. The
assembly is orlented to the wind

into c¢peration when the direction

to the plane of the drive wheel.

Fig. 45 shows an Adler wind
motor with rotating vertleal shaft
Fig. 41-43. Fish-shaped transmission. The wheel has six,

cross sections of wings or seven or eight vanes, depending on

vanes. ks diameter; the assembly 1s
oriented by a rudder, and turned
gside from the wind by a fixed~aileron in the plane of the drive
wheel.

Fig. 118 shows the Aurora wind motor with four thick vanes,
powering a generator installed at the top of the pylon. The
assembly i1s oriented by a rudder and turned aside from the wind
by having the axle of the wheel off-center from the axis of the

pylon.

The Conical Soerensen WindVMotor (Flg. 46)

Bullt by C. Roosen Runge in Neurmiihlen close to K1e1
Germany, this assembly 1s characterized by 1ts axis 1n011ned 15°
toward the horizon and six vanes inclined 75° toward the main

sharft.
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Fig. 44, Agricco wind motor. Fig. 45. Adler wind motor.
Key: 2. Rack drum.
2. Orientation mechanism.
3. Ladder.
4. Pylon.!
5. Platform.
6.

Mechanical parts.

The vanes are bent and incurvated, a conflguration which
~guildes the air currents from the convexity close to the hub to the
concavity toward the tips of the vanes, whése énds are spoon-
shaped. Thils shape for the wheel would increase the power, which
with equal surface areag would be 2 1/2 times that of the American
turbine. The vanes conslist of elements tilting on shafts per-
pendicular to the axls of the vane, along the lines of the Danish
Mammouth windmills,

Orilentation is performed by two auxiliary turblnes (wind
roses); a baslic diagram of the entire assembly 1s shown in Filg,
46, These devices take into account the principles demonstrated by
practical experience which we have described above. '
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Here, according to Hiitte, are the outputs attained by the
Soerensen windmills at wind speeds of 7 m/'sec,

Diameter

of Wheel 3.8 sEu46.6 7,6 8,5 9.3 10,1 10,8 12 13,2 147 17 19
in meters

OQutput 1n

hp in a 1 2 3 I 5 6 7 8 10 12 15 20 25
7 m/sec

wind

(Diameter) 22.5 24 26.85
(Cutput ) 35 40 50

Due to the conical shape of the wheel 1t 1s possible to give it
1t quite large dimensions.

These windmills are able to start in
2 m/sec winds to drive pumps and 3 m/sec
winds for generators. Satisfactory effi-
ciency is obtalned at wind speeds of 4 to
6 m/sec.

Mammouth Wind Motors

These assembliles, which are designed

[Pages 80 and 81 missing in original.] /X

blades are wodden and which function by /82
means of a perpetual screw (RT) and a

shaft U on a toothed ring at the base of

the head V of the wind motor.

A mechanism consisting of a lever with
counterweight (KKL), a rod concentric to
the main shaft (II) and reverse levers and

: rods (JG) makes it possible to vary the
Filg. 46, Soerensen angle of the vane elements F and to stop
 wind motor. the wind wheel from the base of the pylon.

The,géar mechanism Is contained in an
impervious gearbox wlth oil bath (ON); 1its
energy is transmitted tonthergroundaby a rotating vertical shaft.
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Fig, 49 shows classical Dutch. windmills conyerted to the use
of Mammouth wvanes, l .

The following tables give the characteristics of the Mammouth
wind motors, which are wildely used in Denmark.

Danish Mammouth Four-Vane Wind Motors

POWER IN HORSEPCWER

‘. L—_..__,_,,Audwv-, ou——— - it — gw_____.__._IT
:' | g D viTeSses v VEXT PAR SECONDE
‘W T‘DM.\H':TI:ES ' ]
;;; | des ailes, ] ) 14 f
ﬁ J 5 5 - 8 9 10 R |
| :
il |
il i 0.9 1.5 2.4 3.5 4.6 5.5 6.5 6.9 ¢
' § 0 1.60 2.9 4.6 6.85 8.6 | 10,0 11.0 1255i
¥ | 10 1.8 5.1 Hoo 7.l 9.2 | 11,1 | 13,0 | 144 L}
'E iz 2.6 4.5 =61 102 13,2 | 16.0 | 18,3 | 20,0 |
i YA 5.5 6.2 1 9.7 |14.4 18.0 | 22,0 | 25,8 | 28,5}
i i 16 4.6 8,0 12.6 | 18,2 25.4 | 28,5 | 35,5 ) 57.0 |
4 18 ] 5.8 10,0 | 16,0 | 23,0 20.7 { 35,0 | 42.4 | 47.0 .
i - . i .
| “——
Key: a., Dliameters of vanes.
b. Wind speeds per sec.
i ¢
d.
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CHARACTERISTICS OF DANISH MAMMOUTH WINDMILLS FOR PRODUCTICN OF ELECTRICITY OR

PUMPING OF WATER

pylen, per meter,
in kg

‘Diameter of Wheel: 10 m 12 m 14 m ?ﬁ?f@fm..A 18 m .
Length of vanes 3.75 m 4,50 m 5.25 m 6,00m 6.75 m
Width of vanes 1.25 m 1.50 m 1.75 m 2.00 m 2,25 m
Total area in m? 18,75 27.00 36.75 m 48,00 m 60.75 m
Number of shutters 32 36 44 52 60
Welght of windmill:
Gross 2,100 kg 2,425 xg 3,075 kg 5,100 kg 6,900 kg
Net %,898 E& 2,250 kg 2,920 kg 4,900 kg 6,700 kg
22000 P ) : )
Welght of gearbox 450 kg 450 kg 800 kg 800 kg 600 kg
Welght of lower : 35E
gears 85 kg 85 kg 175 kg 175 kg 225 kg
Capacity of generator
(max.) in kW 10.5 13.5 19.5 25,5 30
Stroke of rod in mm 310 370 430 kgq 540
Ko. of rotations:
V = 6 m/sec 65 54 45 4o 36
V = 12 m/sec 130 108 g0 80 72
No. of piston strokes 29 2y 20 18 16
per minute
Weight of 15 to 20 m 100G 130 1860 165 185



CHAPTER 5. WIND MOTORS WITH TWO, THREE AND FOUR "4@5
EELICQIDAL BLADES ° |

Wind Motors with Two Blades (Research communicated by Mr.
Constantin, Engineer and Constructor)

Mr. Constantin, who has been responsible for the development
of some quite remarkable aireraft stabilizers and propeller
Improvements, recommends the use of two-blade airscrews, which
offer better efficiency than wheels with a number of small blades.
He has been kind enough to provide us with the following informa-
tion in this regard.!

The best~suited assembly avallable today to convert the
kinetie energy of wind into usable mechanical energy is the two-
blade wind turbine. This fact can no longer be debated after the
research of Lapresle at the Eiffel Laboratory.

The use of two blades offers the followlng advantages:
(1) Greater power.
(2) Higher aerodynamic efficiency, that is, less thrust.

{3) A higher rotation speed, that 1s, a mechanical transmis-
sion system of lower welght.

(4) Lower cost price.

The only disadvantage of this type of turbine —-- a very slight
disadvantage under the clrcumstances -- 1s 1its low starting torgue.
Later on we will see how easily and convenlently this can be
cancelled.

Under given use conditlons which are easily obtainable, the
outputs of these turbines reach valués which may be determined
by the following equation:

P = 0.000267 a V> D°
in which P 18 the mechanical power expressed in horsepower;

a is the ratio of the density of the alr whose kinetic ~ /85
energy 18 being used to that of the alr in the laboratory (15°C T
and 760 mm Hg);

1This text and the accompanying drawings appearedisntthe journal
La Nature.
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V 1s the wilnd speed in m/sec;
and D is the diameter of the turbine In m.

This equation would undoubtedly be applicable to labotratory
tests on turbines with a diameter of 0.80 m at the most.  However,
in aerodynamics the unexpected often produces fortunate results:
for reasons involving the air viscosity, the results have a sharp
tendency to improve in the change from a small to a large model.
Furthermore, we were in fact able to observe this tendency in
practical tests on the ship Le Bois=Rosé, which was equipped with
a two-blade turbine 9 m in dlameter (see Chapter 13).

It was qulte encouraging to obtain an output from a turbine
9 m in diameter which was very close to the output we had com-
puted eariier, and tended to be above rather than below the
theoretical value. On this basis there would be no risk in
applying the sam calculations to turbines 30 and 4o m in dlameter,
since these dimensions are ones which we can safely conslder today
without prejudging future developments. I will explain why later
on.

At the summit of Mt. Ventoux, at an altitude of 1900 m, where
the air density is only 83% that at sea level, turbines of this
type would perform as follows:

At a Wind Speed of: Turbine 30 m in Diam. Turbine 40 m in
Diam.
&€ m/sec b3 hp 76.5 hp
10 m/sec . 200 hp 356 hp
14 m/sec 546 hp 972 hp
21 m/sec 1,840 hp 3,275 hp

An analysis of the meteorologlcal conditions at Mt. Ventoux
during the year 1513, a year for which we have complete data,
shows that there were:

106 days of approximately 10 m/sec wind
63 days of approximately 14 m/sec wind
50 days of approximately 21 m/sec wind

On the basis of these 219 days alone, 1t 1s easy to calculate thatV£§§
the first turbine would have been able to supply the same amount o
of energy as 1f it had had a contlnuous output of 400 hp for 365
24-hour days.

Under the same. conditions, a turbine 40 m in diameter would
have been able to generate power equivalent to a contlnuous ocutput
of 710 hp.
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With a diameter of 50 m, the power increases to approximate<
ly 1,110 hp. | | |

Now, there is room on Mt. Ventoux for a large number of
units of this type...

Materials

But would such assemblies be able to withstand the stresses
fo whieh they would be subJected? Fhis is the first oblection
which must be expected; in the followlng discussion I will try
to answer it a priori.

(a) Centrifugal stresses. Anmanalysis of the centrifugal
stresses exerted on airscrew or turbine blades guickly reveals
that the most important factor to be consddered Is not the radius
R of the angular speed w, but the product szz, which represents
the square of the peripheral speed.

Moreover, the above-mentioned research performed at the
Eiffel Laboratory has shown that in order for a two-blade wind
turbine to furnish the maximum output compatible with its diameter,
its peripheral speed must be slightly less than six times the
wind speed.

Thus if devices are provided to turn the assembly aside when
the wind speed reaches 25 m/sec, the peripheral speed of the blades
will never exceed 6 x 25 = 150 m/sec.

Setting aiide the values cbtained by Rateau and Maurice
Leblane in certain applications, the usual peripheral speed of
airceraft propellers may be set at 300 m/sec. Other things belng
equal, therefore, the centrifugal stresses occurring intthetu
turbines under consideration -- for any given diameter -- will
never be more than 1/4 the corresponding stresses undergone by
alrcraft propellers.

To remove any doubt in this regard, one can directly compute
the gtress at the blade insertion -- which 1s assumed to pass
through the axis of rotatlon -- due to centrifugal foree in two
simple cases: a c¢ylindrlcal blade and a conical blade.

The results of these calculations are given by the following /8
two equatilons:
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in which:

T, and T, are the stresses corresponding to the two cases
under %onside%ation;

¢ the density of the material used;
g the acceleration of gravity.
For steel with a density of 7.8, one obtains:

10 kg/mm2

H
]

H
H

1.6 kg/mm2

No matter what design is ultimately seélected, 1t can always
be made such that the real stress due to centrifugal force falls
between these two values, which makes 1t possible to retain an
extremely high safety coefficient while at the same time using
malleable steel and thus cobtalning an extremely low cost price.

The blades will of course be subjected to other stresses,
first of all bending stresses.

(b) Bending stresses. This type of stress arises from the
thrust of the wind, and, as with aircraff propellers, the cor-
regponding moment reaches a falrly high level. However, here the
conditions are much more favorable.

In the first place, it 1s possible to eXterid the rotational
shaft forward and to guy the blades.

There are other, still greater advantages, In alrecraft,
deslign, the neutral axis of the blade is arranged in such a way
that the Bending stresses are “~balanced s=by a component of the
centrifugal force. Unfortunately, this type of compensation
holds only at & given altitude, due to the concomitant variations
in air density, and thus the judicious placement of the neutral
axls is only a palllatlive measure. The altitude of the wind
turbines under consideration here is constant, however, and thus
perfect compensation may bte a practical possibility.
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(c) Stiffness of blades, Naturally the blades must be able

to support their own weight at rest, no matter what thelr position,

without sagging or buckllng.. There need be 1little concern iIn
this regard, however, considering that a blade 20 m leng, for
example, could have an average width? of more. than 3 m and a
thlckness of more than 0.50 m on the leading edge 1/3 away from
the hub. One can see that the moments of inertia which may be
expected in a blade offtthis size will be quite adequate.

Support Pylons

If, as we assumed above, the turbine is equipped with
deflection mechanisms which come into operation at a wind speed
of 25 m/sec, the maximum power collected on Mt., Ventoux by a
unit 40 m in diameter would be approximately 5500 hp.

The corresponding thrust, for an aerodynamic efficiency of
50%, would thus be approximately 33 tons. To this figure should
be added the weight of the pylon itself and possibly that of the
transmission system. Since there are no limitations on the
dimensions of the seatings and the component parts of the pylon,
no special problems may be expectédgin obtalning the desired
strength.

UsabLe Energy

Onee the conversion of the klnetic energy of the wind into

mechanical energy {(mechanical ir the industrial sense of the word)

has been assured, this energy must be converted a second time to
make it simultaneocusly easy to distribute and 1lmmediately usable;
in other words, it must be converted into electrical energy.

In the tests made 1In this area so far, the windmill has
always driven the generator by means of a transmission system
(gear trains, shafts with universal joints, cables, belts, etec.d.
We could certainly do the same, using gear trains of the same
type as those used for rolling mllls, but it would undoubtedly
be much more efficient to connect the turbine directly to the
generator by encloslng the latfer, with 1ts accessories and
"distribution panels, in atstrbeture with a lowd lead resistance
which can be swﬁmﬂed on-a. vertical shaft to move the assembly.

 ?The width ofhthé.biades on the Constantin alrscrews is equal to
approximately 1/6 thelr length between the hub and the tip.
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The rotatlon speeds for wind speeds ranging from 10 m/sec
to 25 m/sec would fall between 36,5 and 95 rpm for the first
turbine and 28.5 and 71.5 rpm for the turbine 40 m in dlameter.
These speeds are qulte acceptable given the outputs Involved,.

In addition, the presénce of thesestructures to the right
of the hub of the turbine would facilitate the flow of alr and
would undoubtedly increase the aérodynamic effilciency of the
system.

The operating speed margins indicated above draw attenticn
to one of the most difficult problems confronting engineers in
tests on the use of the kinetic energy of wind. The power pro-
duced by wind turbines, 1f certain use conditions are maintained,
is proportional to the third power of the wind speed; incother
words, it variles over a wide range. The following discussion will
consider these variations briefly and show how thelr drawbacks
can be prevented.

(a) Instantaneous variations. These are low-amplitude
variations which are produced continually. It is obvious that
their effect on an assembly with heavy inertla, and all the more
on several connected assemblies, wlll be negligible.

(b) Slow variations. These are variatlions which occur from
one day to the next, for example. Due to their occurrence, the
energy must be used elther by industries with an extremely
flexible level of operation, cor, better still, in conjunction with
other backup energy sources.

In all cases, these variations must be followed at the
recelving station by the connection or disconnection of as many
energy-consunlng units as necessary. Since wind power will
undoubtedly be the least costly form of energy, making it ad-
vantageous to use 1t as often as possible, assystem of this type
will be the natural choice,.

(c) Fast varlations. These are variatlons occurring every
15 min, for example.

In most current installations . a storage battery 1s used to
absorb these variations.

However, for an installatlon of the olLfput considered, the
use of a storage battery presents a number of drawbacks whilch
appear to be prohiblitive.

This 1s not thé case with an electric boiler with steam

accumulator, and it would even be possible to designh an 4nstalla-
tion in which all the mechanical energy drawn from the atmosphere
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and convertéd intc electrical energy would be used for the pro-
duction of pressurized steam by means of ac or dc boilers, It /90
would not be necessary to maintain a constant frequency, since )
the power factor in electrode and alternating current electric

bollers is very close to.unity. Thils pressurized steam would be

used 1in turn, either directly for certain industries (dye works,

sugar refineries, paper mills, etec.) or by reconversion into
electrical energy which now would be suited for home use.
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Fig. 51. General results of the Flg. 52. SBketéhr of a wind
Eiffel Laboratory tests on wind- turbine blade tested by

mill output. The power coef- Congtantin in the Eiffel
ficients shown, which are ex- Laboratory. The results of
pressed in kilogram-meters per the tests on this model are
second, are given as a function given by the diagram in Fig.

of the ratio of the peripheral 54,

speed of the windmlll t¢ the

wind speed. The advantages cof "Key: a. Note: The crosg sections
a two-blade windmill or turbine are projected onto the
from the standpoint of power and plane of rotation pass-
rotatlion speed are guite obvious. ing through the tip A

of the blade.

Key: a. Two-blade windmill.
b. [Word 1llegible] windmill.

There can be no doubt that this would be a profitable system
from an economic standpoint, since we know that 4 kWh used in
an electric boiler will yield approximately as much steam at the
same pressure as one kilogram of coal at 7,000 calories,

Thus the assembly 40 m in diameter considered above could /91

save 800 to 900 tons of coal a year, which represents a considerable
financlal saving.

Large advances have been made in electric boilers over the
past few years, and technlcal Jjournals have recently published :
déscriptions of an 18,000 kW unit installed in Niagara in the U.S%,
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which has been found COmplétély‘satisﬁactory, In addition, French
constructors haye already obtalned signifilcant results along these
lines, '

It would net be presumptuous, theréfbre, to expect widé—
spread use of this type of energy converter in the future.

However, it 1s almost certain that electric bollers could be
used only as a buffer, and a very large part of the energy pro-
duced and suitably converted would have to be transmitted direct-
ly to interconnected networks.

Orientation Mechanism Developed by Constantin

The rudder has two curved surfaces with vertical axes facing
each other on their concave sides, as shown in Fig. 56.

Fig. 53. Configuration of the upper part of a wind turbine-
~generator unit designed on the principles developed by
Constantin.

Key: B, Pylor 27 m high.
T, Turbine with two blades 50 m in diameter.
3. Structure with low mechanical resistance enclosing
the entire mechanism,
A, Coupling shaft.
. Electrical generator.
. Switchboard.
.. Track,
[Key continued on following page.]

Qe
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p'. Orientation pinions,

Orientation wheel, (In practice, orientation will be
automatic.) '

Toothed orientatlon ring,

Central pilpe for connections,

g, b, b' and ¢. Connecting members,

and X'. Rotatlional shaft of assembly.

- '\

R <

s

i asec)
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i
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Fig. 54. Diagram of tests at the Eiffiel Laboratory on

the wind turbine model shown in Fig. 52. The power coef-
ficients given in this dlagram are expressed in kgm/sec.
{To convert these coefficients into horsepower, divide by

75.)

Key: a. Toward instability.

Under the effect of the wind, this device merely orients the /93
wind rose, which in turn activates a vertleal shaft whose lower "
pinion drives a toothed ring secured to the base of the assembly,
on the top of the pyleon, which swilvels the - propeller. .. One
advantage of this dev;ce is that during orientation of the -propel-
“{ey it does not produce the jerks and oscillations which occur
with the use of a simple rudder or tall.

A lateral alleron serves to turn the plane of the proepeller ..
in the direction of the wind when the wind speed becomes excessive,
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Flg. 55. General diagram of a wind power plant. A

central station P 1s able to control an indefinite num-
ber of wind turbine units U. The Junctlion cables a+con-
tain the pillot wires and the control lines serving to
connect or short-circuit the units, to érient the turbines,
etc., The general linezLitransmits all the energy produced
in the form of direct current at variable voltage and
current. Thls power, which 1s transmitted by lines T to

a suitable point, is fairly erratic, It 1is converted

into energy for home use, for example into a three-phase
current with constant voltage and frequency, by means of
converters C, electric boilers Ch, a steam accumulator A
and electric turbine-generator units G. It is then col-
lected by the collecting rods R and transmitted to the
user c¢ircults H.

Elementary Windmill Theory (developed by Darrieus, Engineer, (94
Cie. Electro~Mécanique [Electromechanics Company], Paris
and Le Bourget)

I. Introduction

The Gdttipgen School (Prandtl and his students, notably Dr.
Betz) has already furnished a rational alrscrew theory as part
bf the Lanchester-Prandtl airfoil theory, This theory is complete
and definitive up to a given polnt; unfortunately, however, it was
developed for propellerfalrscrews, and. although adequate for this
application, it is limited to the range which Prandtl has described
as the linear or first-order range, that is, cases in which the
perturbation speeds of the airscrew are relatively slight in com-

"
I8
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"Fig. 56. Two-blade airscrew with the speclalized
orientation mechanism designed by Constantin, using a
rudder with gutters and an auxiliary turbine known as
a "wind rose." This wind motor has been in existence
for nine years.

parlison to the wind speed, so that the effect of the squares of
these perturbation speeds can be sef aside. The windmill, whose
operating conditions are different, since the concept of efficiency
has a completely different meaning here, with the result that the
assumptions of the linear theory are not met, comprises a more
general case. This is a finite problem for which a rigorous solu-~

tion has yet tc be found.

However, several Importantd results which fortunately are
practically significant can be obtalned by .the elementary method
described below.“..‘.. o , L

3Weeindependently arrlved at this elementary solution upon examlnlng
“two artleles by Dr, M, Munk .and W. Heff in the Zeitsehrift. flir

" Flugtechnlk und Motorluftschiffahrt, which gave many of the results
described below, which had already been [ténthddon followlng page]
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IT. Elementary Determination of Thrust, Power and Rate of Passage
Through the Windmill

The power eXtracted from the wind by a windmill 1s the result
of its borrowing a glven amount of kinetic energy or momentum
from the air masses passing through 1t. As a result, all the
airstreams passing through the windmill are slowed from their
initial speed V at a large distance upstream from the windmill
to a residual speed Vo downstream. (Fig. 57).

We wlll assume the tangential component of this speed to be
negligible, elther because the governing vanes have stralghtened
the air currents by eliminating, by reverse torque, the kinetic
moment transmitted to the fluld by the reaction of the motor
torque, or, more simply, bgcause the pitchodfithe vanes 1s small
enough for the angular speed high enough that the effect of this
torgque can be coverlooked.

It seems plausible to assume that the efficiency will be
optimum 1f the residual speed v' is uniform throughout the entire
cross section (although this éan be demonstrated simply only if

the cross section of the wake 1s given a priori). All the air /95
currents pa581ng through the wheel thus yield the same quantity of
"energy EQEZ—E—— perrunit weight according to the Bernouilli

theorem since the pressure will be at the same level at a large
dlstance upstream or downstream from the windmill,®

Thus the overall effect is as if the air, upon passing through
the wheel, undergoes a sudden pressure drop of the same value,
with the result that the total thrust exerted by the wind on the
windmill becomes:

tbon't from preceding pagel obtained by these investigators.

It is all the more surprising that most French aircraft
specialists, including the most recognized, appear completely un-
aware of these data, and are still reiying on a totally empiplcél
rough, and hazy approach t¢ the probZem which hardly deserves to
be called theory,

*The brief line of reasoning given here, which 1s that of the
GGerman Investigators cited above 1s dnadequite and could lead to
.incorrect yesults. . However,-a rlggrous demonstration, which;
according /teo~the. Ampére. theeorem.on the equivalence of lamina
and currents;y- wauld.require the. intreduction of -equivalent.
-Mlmaglnary sources 1n the vertex layer Whlch bounds the wake

@

. LN :
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S beilng the cross séction of the cirecle described by the tipseofl
the blades,

-

Fig. 57. Longitudinal section of wake,fshow~ Fig. 58. Com-
ing the indraft of slowed alr and:. its separa- _pesltion of
“tion from the.ambient medium by a surface of . i..Sspeeds in the

‘dlSCOHtlHUlty generated by the con&our of the vﬂﬁrﬁjy;of51blaka

wheel, - o . , ¢Foss section.
Key: a. Axis.

Another expression for this thrust 1s furnished by consider-
ing the loss in mementum which the thrust produces in the air
entralned by the wake, Let:

S' be the constant cross section of the wake at a fairly
large distance downstream;

3. be the cross section of the corresponding current of freth

alr of "speed V at a large distance upstream;

and V_ the mean axial speed through the c¢ross section S of the
windmifi.

Let us consider the closed surface composed of a tube of
current abed somewhat wider than the diameter of the windmill and
limited by two fairly distant upstream andddownstream cross sec-
tions ab and cd.

The pressures along this surface, whlech will be roughly the
same as the uniform pressure P, at an extremely large distance from
the windwill, will thus be in gquillbrium, as wlll be the exchanges
of momentum through the annular surfaces of cross sections ab and
c¢d which surround the air current passing through the wind-
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mill, s

Thus the only éontributicn to the thrust on fthe windmlll is
a result of the excess momentum of the air mass entering cross
section S@ per unit. of time at a speed V over that leaving cross
section 3" at a speed v'.

Penoting the alr density by p, this contribution is thus:
P = p(SOV2 - S'yr?} (2)
Moreover, on the basis of the continulty eqguation:

SOV = Sv_ = S'y!
m

with the result that the thrust can be written as follows:
P = pSv, (V- v') (3)

a form which, when equatedewith the first expression, ylelds:

t
v = V—-——; v (1)

The mean axial speed of the air passing through thewwirndmill
1s thus the average of the initial and residual sneeds of the wind
which generalizes a known result in-. linear propeller S o ,;m}
.theory, . -, where it in addition can be given a fairly simple”
specifie interpretation (here the axial component v_ is uniform
throughout the cross section). m

, Th§ power, the product of the mass airflow and the energy /9
—_ t A
Y—miwx—— yielded_per”unitkmags, thus has tbekyalue:

FE___ 2 o
W oees ;Sum}f_.___'“_ — _’E (V 4 U’) (V:;___ U«z)
4 .

(5)

t
Let us assume % = a3 Egs. (1) and (5) for the thrust and the power
thus assume the form:

(x — ) ()

; VW= 43U+ﬂh—f) (5%)

®S&e explanation 2 above.
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ITII. Computation of Maximum Power

The maxlmum for this last expression, ag & function of a,
corresponds to a = 1/3, that is, a residual speed equal to
1/3 the speed of the wind, or an average speed of the air passing
through the windmill equal to 2/3 the wind speed,

At the same time, the ratios of the cross sections of the
alr current are SO:S:S' = 1:1.5:3, and the maximum power is:

B ‘ q -~ ol L B 4
W = — pBVE = ;BV3, = 0.2 X U()3 2 V3 (6)
0

ot

Thus the real power of a windmill of given diameter must be
divided by this maximum theoretical power to determine the
efficiency. All other methods, especially the fairly widespread
method based on the total kinetle energy of an air mass passing
through cross section S at a speed V per second, are arbitrary
and should be discarded.®

~ Under ordinary atmospheric conditions at a low altitude,
p=1.25 kg/m®, and as a result:

W= 0.370 SV (7)
Assuming an efficiency of approximately 0.81, the maximum /98

output of a Wi@dmill would therefore be 0.3 W/m2 under a 1 m/sec

wind, or 3 W/m® under a 10 m/sec wind.

IV. Digression on the Methods for Use of Wind Power

The above theory has made 1t possible to apply the principle
results, especlally thrust and power, on a wider basis than that
of the weight alone; at any rate, as will be shown further, the
detailed structure of the wake does conftain all the essential
characteristics of the mode of coperatlion of the wind moctor uszed.
It is therefore applicable no matter what the speciflec mbde of
action or detalled design of this windrmbtor may be -- the number,
speed or force of the blades in the case of a classical windmill
with radial vanes.

®The different method of determination used by Dr, M. Munk in the
work cited &bove.is based on other conditions (aswindmill mounted
on an airplane) under which the desired operating characteristics
(low slipping and recoil) are fairly similar to those of a propel-
lere ™ e e

e S
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of any system which dees not f£end to slow down the entire current
of air passing through it, while at the same time keeping this
air current at a uniform speed and. structure, will be low «< even
ridiculously low. This will be true no matter how ingenicus or
attractive the design or mode of=dperation of the blades may be.

Fhom the outset, this dooms to fallure most of the unfortu-
nate attempts which are cdistantly being'made to substitute for
fhe classical windmill a model with its axis transverse to the
wind (the "panemone," the Hottentot "Jumbo," the Little Giant,
etc.), and especially the simple adaptations of varilous types of
hydraulic turbines. 1In the latter case, the elimination of any
uninterrupted partition between upstream and downstream, which
will obviously be inevitable in air, makes 1t almast impossible
for these units to function.

V. Analysis of fthe Operating Characteristics of the Classical
Windmill

L In the general theory given above, we have considered in the
-abstract the manner. in. which a windmill generates the sudden
pressure drop in the air currentszpassing through it:

2 _ y 2
AP:p_.\I._E-V—

this pressure drop being uniform over the entire surface area it
encompasses.

Returning to the classical windmill with radial blades, this
pressure obviously corresponds to the axial component of the
thrust on the blade, whose tangential components additionally fur- 43_
nish the motor torque.

The expression for the total thrust on a blade element of
length dr at a distance r from the shaft will be £ v_. I' d r -
according to the Kutta-Joukowski theorem, with T beifig the
circulatlion fVds around the vane andVV_ the relative speed, which
consists of the tangential speed wr and an axial speed v (with
V_ being the average of this speed for the entire cross section S)
(ﬁig. 58). If the friction 1s assumed negligible, a rational
assumption on an iniffal approximation with the fish-shaped
profiles, curved in the front and extremely slénder in the rear,
which are used in aircraft design, this thrust is 1n addition
perpendicular to the direction of the relative speed Yr.f‘ The -

"More precisely, V_ represents the graphic mean of the relative
‘speeds of the wind entering and leaving the wheel, according to
an elementary thecrem which Bauersfeld has demonstrated by adapt-
ing the Kutta-Joukowskl theorem to turbines.
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axial component of this thrust is therefore pwrldr, and assuming
that for the n blades of the windmill this axial component
balances the uniform pressure on the corresponding ring 2trdr

of the cross séctlion of the airstream, one obtains the conditilon:

wnl' = EW ap
P
As a result, denoting T =.2% as the period of rotaticn and
v o= %% = % as the frequency of passage of the blades, the energy
Ap

yielded per unift mass o assumes the simple and significant form:?

(8)

g
I
:
<
i
*

VI. Computation of the Circulation in the Wake

This expresslon may again be obtained by another method
which clearly shows the relationship between output and circulation,
due to a classical assumption in turbine theory (Fuler). Kinetile
moment theory makes it possible to place the energy yielded to
the fluild per unit mass in the form uc_ of the product of the speed
u = wr of the blade and the momentum ¢’ which its reaction transmits /100
to the fluid in the direction of the tgngent. The expression for
the circulation of the fluid around the axis, which is equal to
the downstream circulation if there are no governing vanes (zero
¢irculation upstream) is 27nre,,. This obviously represents the
sum nI' of the e¢lrculations ardund each blade (Fig. 59}, which once
again yields Eq. ¥8) for the circulation, given above.

If, as we have assumed, the energy yielded Ap is the samée for

all the airstreams passing through the windmill, the circulation

1s therefore constant in the wake along the entire length of the

blades, and the circulation around the axis 1s alsoc constant /101
throughout the wake. Here the motion of the fluid is still o
irrotational, except in the vicinity of shaft, due to the different
zero Value of the c;rculatlon ? and here the speed ls derived from

. B O SR I - Ly

o N gy et e L . R - '

®We may note the analogy -~ which 1s not merely formal -~ between
‘this expression and that of energy quanta hv of frequency v
In molecular physlcs,
9 . .
*Which would require an infinite speed cu on the shaft,
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around each blade on the wheel. ﬁ X\ N
il !
4 potertial of multiple determina~ | ! A\
tion (polytropic).'® 1 H N
‘.i e .5 7 n':.‘_%'
%EiI.Bound Vortices and Iree Fig. 60. Diagram of ?orque and
Vortices of the Field and power gs a function of the
ratio o of the residual speed
According to the views of of the alr to its-initial speed.
Lanchester-Prandtl, the ceon- .
stant circulation arcund the Key: a. Power. ©Db. Thrust,

blades represents a bound vor-

tex which, due to its properties of conservation of the vortex
Vector, is unable to stop at the blade tips and must continue in
the fluid in the form of free ¥ortices entrained by the wake,
which are formed into helices by the relative movement of the
wheel (Fig. 61). Those which separate from the blades in the
vicinity of the blade root form the rotatlonal nucleus for the
irrorotational circulatory movement of the surrounding fluidd,
while those which describe the periphery at the blade tips are
juxtaposed to form the surface of discontlnuity shown in Fig. 7,
which separates the wake from the ambient air.

At a point where the speeds of the fluid tangential to this /102
surface are Vl on the outside and.Vg.on the inside (Flg. 63), the

18 Reciprocally, the exisbtence of a spéed potential results in the
uniformity of the constant of the Bernoullli theorem, that is,
the energy ylelded by the varlous alrstreams.
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Fig. 61. Configuration of the
free vortlces which are exten-
siong of fhe vortices bound to
the blades through the fluid
and form by their juxtaposition
the two outside and 1nside
boundary surfaces of the wake.

Moo gans _:nh{r'np a

ya;‘pfs de dowrbetton 1)

Fig. 62. Cross section of wake.
The c¢ordinates represent the
ftangential speed component in
this plane.

Key: a, Non<rotating nucleus.
b, Layers of vortex.

value of the surface vortex, the total vortex per unit of length
following a direction equal to the difference between these two
vectors and normal to the latter in the tangent plane, 1s this

same difference Vl - VZ'

Moreover, the flow rate of the free vor-

tices around the windmill, which in a steady state 1is constant
through a given polnt on the boundary layer of the wake, is
I'v per unit of time, In other words, the flow rate 1s precilsely

the energy Vl 2
2

Z_VZ

in compariscn fo the ambient air,

per unit of mass of the airstreams in the wake

The speed of enfrainment of the vortilces is therefore;

")

2 2
1 ’Lve_

2

CVl - Vz) or

Yy RV,

1

2 .

that 1s, the average of the speeds on &ither side of the dis-

continuity, *~

by

11

inﬁconformity-with-a general-propos1tion (Helmholtz),

ITh7ong the lines of the movement of the ring of reollers in a

pivoting bridge or windmill.
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expressed as an equat;on of continuity
for the wvortex tubes of variable intenv
sity which sweep the surface,.

VIII. The Use of Governing Vanes

In the case of a pPOpellef, or in
the analogous case »of a windmill turning
in stationary alr, the rotational move-
ment transmitted to the alr in thewwake

Flg. 63. Relation- requires additional momentum, and cbviously

ships between the constitutes a loss which a good design

speeds v, and v Wwill seek to reduce as much as possible.

on eithe% side of Anotheh aspect of this loss is the nega-

the plane of dis- tive pressure which generates centrifugal

contlnuity and the force in the axial region of the wake,

lamellar vortex and which, decreasing the useful thrust
located in for the proépeller or increasing the

t%is p%ane mechahiezl resistance of the windmill,

lowers the efficiency in both cases.
Key: a. V-8 v,.
D. V' 0rivy. This 1s not the case with an

ordinary windmill secured on the ground.

Here the additional momentum correspond-
ing to the tangential spéed ¢ is acquired merely by additional
borrowing from the potential gnergy of the wind, The only -
resultant losses are the corresponding negative pressure in the
wake and a given amount of additional thrust which is usually
slight at any rate and does not produce any work since the wind-
mill is in a fixed position.&?

Moreover, this result could be predicted due to the irrorota-
tional nature of the movement on either side of the wheel, which
reqguires an equal Berncullli's constant and equal work yielded
for akl the airstreams. The only disadvantage to this gyrational
movement is that, due tc the impossibility of attaining infinite
speeds ¢ within the axis of the wake, the use of the alrstreams
closest Yo the shaft is necessarily zero, even when the wheel hub
is streamlined (Fig. 64). This could in no way prevent the for-
mation of a nucleus of limited angular speed along the axls, and
consequently circulation of the air becoming cancelled at the
center. However, the loss Involved, reduced to a central cross

,mZSMﬂctly speaking, the only remaining loss ig an insighificant
one which 1s equal for all the alrstreamsg at a minimum value of

cuz at the tips of the blades, whille the corresponding term for

2 the airstreams close to the shaft eould become quite high. in
slow windmills with a. large number of blades (high nl and c ),
1t were not compensated for by the corresponding negative pFessure.
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sectlon which can be minimal, 1s pgehnerally not very significant.

In additien, it is possible to cancel the rotation of the
alr around the shaft in the wake by compensating for the tane
~gentlal speed ¢ transmitted to the air upon passing through the
wheel with an e&ual and opposlte ¢ produced by governing vanes
positioned up~ and downstream.!®

a Koyau LoursWonnaires
Plsd du P0iRg Stagapat,

Figs. 64-65. The necessary production of a rotational
nucleus along the axis of the wake when the c¢irculation
around the wake is not zero.

Key: a. Points of separation.
b. More or less stagnant nucleus of vortex.

The outside tips of

these vanes will also be
the point of origin of
free vortices, which, like
- those generated by the wheel,

e o ant wheel, will wind helicoidal-
At ly along a surface of
discentinuity. The cir-
MAVAA N S e culation around the axils
h T RSO N will remaln only in the

Fig. 66. Annulation of the circula- iggu%ar énigrval bgtggen
tion in the wake and elimination of '~ t'wc‘tu zﬁishoin is-
the internal nucleus of free vor- continuity, c

. i ; . addition may coincide;
5222: by the additlon of governing correlatively, the vortices

bound to the blades of the
. wheel may be followed
...... I 7 ... through the hub by similar

13mhis arrangement has already been tested successfully in the case
of a propeller (contrapropeller), for which it is better suited.
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vortices bound to the governing wvanes (Flg. 66), rather than
- generating free vortlces entrained by the axis of the wake, as
previcusly. At the same time, with a streamlined hub it becomes
impossible to use the entire cross section of the airstream up

to an area close to the center, Together, the two systems of
helicoidal vortices which now delimit the wake constitute a /105
sort of fabric, in which the elementary vortices form to cancel o
their axial components, allowing only a tangential component fto
remain (Flg. 66). As a result, the real surface of dlscontinuity,
whose detalled structure has little final significance, is finally
equlvalent from the standpoint of its external effects to a regular
chain of annular vortices, each with the intensity T, continuously
originating at the periphery of the windmill at a rate of

v = % (frequency) per second.

In the strictest sense, the initial computations given above
refer tc these ideal conditions: zero internal circulation and
a very high number of blades or a high rotation speed.

Given these assumptions, the vortices of the wake may be
said to originate in the followlng manner. If one considers the
windmill as a circular surface of discontinuity for pressure,; -
or, amounting to the same thing, a system 'of two extremely
broximate equipotential surfaces between which there is a uniform,
extremely intense force field,h* the energy exchange decurs through the
restiltant extremely brief impetus which the airstreams receive
upon passing through the windmill.

Thus the forces applied to the entire alrstream are uniformly
derlved from one potential. Consequently, in accordance with the
Cauchy-Helmholtz theorem, the initial irrorotational nature of the
movement, except within the force field, where a fluid mass such
as abed (Fig. 67) is subJected to the lateral effects of the resis-
tance of the windmill as this mass passes through this single
point, will now acquire a given kinetic moment in the directlon of
the arrow, producing an annular vortex.

In the final analysis, the slight theoretical superiority does
not justify the addition of governing vanes, even limited to the
central regiond® (Fig. 68), at least in the case of windmills, nor /106
idoes it even compengate for the additional frictional losses intro-
duced: Actually, the Bpllée turbines, for example, cannot be ex-
pected-to have-a highercefficiency than simpler ordinary windmills.,

2% Similar to that of a condenser, but wlthout marginal leakage,

4% The conly area in which it 1s worthwhile a priorl to combat the
rotational movement.
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X,

the structure of
pend only bn the
the airstream as

Choice oftNhmber of Blades

As we have seen, the basic
~general operating characteristics,
all of which may

be observed 1n
the wake, de-
retardation of

it passes through

H

Fig. 67. Chain of annular vor-
tices equivalent to the resul-
tant, without axial component ,
the mbwo _gystems of heli—
ggidal vortlces shown 1in Flg.

b
S,
B
%
-k

S
3

a Arétes des nlp,p:
L lourdillon durs Aun YA
3 nobn diverteicey: o _ ﬁ“ 5 AR AN

. two consecutive alrstreams,
intensity of this surface vortex

the windmill, or the intensity
V - v! per unit of length of the
surface vortex which -bounds.this
salrstream. If T is the inten51ty
an elementalyvértex tube cor-
responding to the wake cof one
blade and d the distance between
the

BRSURPEL. S

will be T'/d (Fig. 69). Now,

b —

e Vitesses tamgents 'r.'fu

ﬁy‘y rodati onnrf
e ritesse angu-
Jai rrﬁﬂ 2]

Fig. 68. Annulation of the circulation, in the vieinity

of the shaft alone,

Key: a.
ing vanes.
b. Tangential speeds,

by the use of short governing vanes.

Peaks of the vortex layer generated by the govern-

¢. Rotating nucleus of finite angular speed.

#‘%, with p representing the pitch of eech hellx equal to the

V+ v
product —s——

T of the axial speed

I—%41~ "of the chain of vor-

tices and the period of rotation T,

Thus the producﬁ %

speed 1s the only factor which comes 1nto play.

.{3
o)

EN

of the nﬁmber of blades and the rotation

-
B
o
-

As a result, the /
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game output will be obtalned,
- elther with a large number of _
blades with a wide pitch and
a low speed (American wind-
'mill, Fig. 71), or with a
small number of blades of
emall pitch and a higher
speed p (Dutch and modern
: windmills, Fig. 72). The
—1 advantage of a high specific
69 speed 1s not only to decrease
' the torque and installation
costs, but also to reduce the
rotation of the wake. Theoretically, a single, extremely narrow
blade of relatively flne pitch, rotating fairly quickly -- and
consequently a two-blade airscrew such as an alreraft propeller --
can be expected to produce the same useful effect as a wheel with
a large number of blades and a large total area. However, in
practice it 1s preferable to use no less than three or fcour blades,
as in classical windmllls, to obtain sufficiently régular torque
even with a non-uniform wind. e

\
|_l
o
<o

rig.

Fig, 70. Comparison of three equivalent vane configurations,
Tangentlal speeds and specific speeds (the total airfoll~.
surface is in inveprse proportion to the square of the speed).

Furthermore, the 1ndefinite increase 1n specific gpeed is
limited by the proporticnal lncrease in frictional losses and by
the increasingly marked relative inadequacy of the starting
torque, which decreases approximately in inverse proportion to
the square of the speed.
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71 and T72.
two windmills.
with airfoil surface [sic],

Figs. Comparison of

American type

Fig. 71, and Dutch or modern
type with small alrfoil surs
face, Fig. 72. The output is
the same {(the density of the
vortex streams on the contour
of the wake 1s the same), but

the angular speed is different.

X, Determ;nation of Shape of
Blades

When the angular speed
the number of blades and the
retardation of the wind in the
wake have been fixed, the dis-
tribution of vortices will
result, and the entire velocity
field of the alr, especlally
upcn passing through the wheel,
wWill be determined. This is
because . accerding to classical
theory, the velocity field
superimposed on the initilal
wind speed by the action of
the propeller may be derived,
at each point, from the combina-
tion of free and bound vortices
In the field, just as the
magnetic fleld at the same
polnt may be derived from
imaginary electrical currents
of the same distribution and
intensity as these vortices
(Laplace and Biot-Savart laws).

Consequently, in practice
the mode of acticn of each
blade element depends only on
its transverse profile and the
speed vector Of théventire - -
system in 1ts vicznlty, with the

exception of this blade element (but including the other blades,
whose effects are cancelled due to symmetry in a wheel with radial

blades).

This is the fundamental hypothesis of sirfeoll theory.
founded in the limited case of infinitely -

Well-

~8lender .7y blades, it

remains plauslible 1n most practical cases and has received abun-
dant confirmation, both in the remarkable siccess of subsequent
theoretical analysis and 1In the special tests to confirm it which

have been performed,
in England.

This approach to the problem, the only ratlonal approach tdday,/109
in an appropriate determination ¢f the speed of the air
all the complex mutual effects which many

combines,
relative to the alrfoll,

especlally by the National Physical Laboratory

aerodynamics Spe01allsts 8t11l designate by the vague and frequent-

ly outdated term "1nteractions“"
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With regard to this. speed the Vane element behaves ag a
blade of infinite length, with the result that there is no reason
to Introduce the cons;deratlon of any more or less wellw=defined
imaginary extension of the vane by drawing on wind tunnel tests
of individual vanes, whose behavior, moreover, is quite dlssimilar.

XI. Choice of Blade Profile

On the other hand, theseszsame tests eliminate the mechanical
resistance and the dynamic resistance, alsc termed the 1nduced
resistance, which according to Lanchester and Prandtl result from
the 11m1ted span of the airfoil.. = "As‘-asresult . they make it
possible to obtain the ftrue 1ntr1n31c or airfoil resistance for
this limited profile, which is the only resistance determined by
these tests which should be used in other applications.

The results are generally plotted as "polar" curves with the
component P of the thrust perpendicular to the relative speed given
as the ordinate and the component P parallel to this speed as the
abscissa, the latter being the mechanical resistance or drag.!

The latter, which is theoretically zero in a frictlonless fluid and
wlth a streamlined airfoll with a sharp trailing edge, within the
limiting angles of incidence which do not glve rise to separation,
becomes smaller as the airfoil, assumed f£o be sufficlently smooth,
becomes thinner and sharper to the rear. In the mest efficient
profiles, similar to those of a bird's wing or the body of a fish,
the trailing edge is not only acute, but is not turned back for a
sultably hollowed contour on its two posterior surfaces.!” The
typical shape is furnished by the Joukowski profiles (Fig. 73),
theoretically derived by this investigator from purely analytle
considerations. These would be the most advantageous due to the
excellent P/D ortRfineness" ratio, if they were not so difficuit

16T+ is to advantage to replace these components with the dimension-
less 1ift and drag coefficients C. and C, by dividing them, first,
by the airfoil surface, and secon& by tge kinetlc pressure or
stagnation-point pressure 1/2 p V? (maximum overpressure at the
front of the airfoil, point A 1In Fig, 73).

17Contrary to” pers;stentmpract1ce, to be sulted for varled angles

- of attack;, ‘the alrfeil should have no angular point other than
the trailing edge., The rounded contour of the leadlng edge -
should not enforce a specific position for the point of origin A
of the airfilow lines, '

Moreover, tests have shown that the 1ift coefficients which
are : cpmpatlble with high efflciency, whichaare higher as the
overall curvature of the airfoil increases, 1n addition fall into
a narrower range as the forward radius of curvature decreases.
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to construct due to the extreme thinness of the tralling edge.
Fig. 7W shows a typlcal polar for a good practical proflle; the
minimum D/P ratio (inverse fineness ratilo) glven by the tangent
issutnggfrom the point of origin generally corresponds to a 1ift
coeff}gient close to 0.80 and drag which 1s sometimes less than
0.01.

Having chosen the most favorable 1ift coefficlent, which /111
simultaneously leaves an adequate margin of 50:100 of additional
thrust prior to separation, }° we are now ready to determine the
width for the blades as a functiom of the radius. Equalizing the
expression of thrust p Vr T dr given by the Kutta-~Joukowski

thecrem wilth thatzresulting from the determination of CL,

1 V

P=0C ldr 5 p , we obtaln the equation:

=

_ LiVr
S (9)

The width & of thebtblade should therefore decrease from the
root to the tip 1n inverse proportion to the speed Vr, 1f, as we
have assumedmithe circulation is constant along the vanes. At
"the*same time~, the Reynolds number E%& (where v 1s the kinematic
viscosity, the guotient of the absolute viscosity divided by the
density),sapure number on which the small differences between
results for geometrically similar profiles exclusively depend, is
constant over the entire length of the vane. The same polar can
thus be used from one end to the other if the shape of the cross
section remains appreciably constant, and the same will be true
of the ratio D/F corresponding to a given 1ift coefficient CL.

To determine the relative speed V at each point on the vane -
it would be necessary to know the axlal speed V_ distributdon
along the radius. Basic theory furnishes only n axerage value
for Vm due to the lack of a rigorous scluticon for this problem,
which 8o far has not been solved, even #&n regard to the idezal
conditions werare considering here. In this regard the following
discussion will merely give a few qualitative indlcations; we

Jul
e

18 Phe fineness ratio P/D may be as high as 120 with the thinnest
- Joukowskl profiles, with Reynolds numbers on the order of
500,000, 7
13 geparation, marked by an increase in drag, corresponds to a 1ift
“coefficient CL of 1,20 to 1,40.
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Key: a. Lift.
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wlll temporarily assume in the following that the axlal speed Vm
is uniform over the entire cross section of the windmill and .
equal to its average value (for example, 2/3 V at maximum power),*°

XIT. Computation of Frictional Losses

Due to the drag D dr caused by friction, each element of
length dr of the blades generates a loss in power Vder.

In addition, the corresponding forward thrust 1s Pdr =
pVrldr, with the result that by introducing the ratic D/P, the
elemental loss may be written:

% pVZ T dr, or % fp T (VD4 w?r?) dr

since Vr 1s composed of the wind speed Vm and the speed of the
vane wr.

The loss, integrated from the internal radius rn to the
external radius ry of the vane, 1is therefore:

. 1 ] 2 p2\ dr )
r/ (V2 + wr?)

» fof 1\2 (1 - m4 m?
SV rvent—m[ (52 ()]

=/

] r
assuming m = _0 .
r

The tangential or useful component of the elemental thrust /113
erPdr moreover, 18 mePdr, which produces an elemental power
pV lwr dr, with the resSult that the total power 1s:

erp I 4 m
Vau 2

X "
eV, wrdr=:TV,

«/To

Thus the relative loss or complemént of the efficiency n at
unity 1is:

N

20 Most investigators who have developed windmill calculatlions as-
sume this SPeed to be equal to the wind speed, which 1s grossly
lncorrect,
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D 1 - {f':r"l)g 1 P?; +m -

T — — e ¥/ 9 .

K P w1l = m ’ : (10)
Vo 2 -

If m and % are given, the efficiency wlll be maximum with a
wr

ratio —vi of the peripheral speéd to the axial speed equal fto:
o :

[9_"1] -3
Vi dmaz ,V [+~ m - m®

.. r
If the ratio of the radli m = —Fg is extremely small, this

value will reach ¥3 (assuming V. = 2 Vm), and the corresponding

minimum for the bracketed factor will be = 2.31, with the

V3
result that with a % ratlio equal to 0.02, the hydraulic efficiency
of the windmill will already be greater than 95% (Fig. T4).

If the ratio T is close to unity, on the other hand (axial

compressors or turbines), the optimum ratio %51 is unity, a result
- m

which is very close to that obtained by the Parsons or Ljungstrém

blade systems, and Which explaing thelr excellent efficilency.

From the standpoint of efficiency alone, it would be best to
use moderate speeds and blades at a fairly elongate pitch, as in
the American windmills, The starting torque would be fairly high
at the same time, but the area exposed to the air and the weight
would be excessive,

On the other hand, it would be tc advantage to make use of
the fact that the D/P ratics are extremely low with well-streamlined
smooth profiles (sometimes less than 0,01) to obftain much higher
specific speeds,..asnsoon as it becomesipéssible o compensate for [li”
a 20% loss, for example, merely by increasing the diameter of the
windmill by 12%.

The attached diagram {Fig, 74) thus shows that with

! ry
7 = 10 and ¢~ = 20, at m = 0 the bracketed expression in
m m

Eq. (10) does not.éXcéed 5.72 and 12.23, respectively, that is,.
approximately three and six times the minimum, As a result, even
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with a % ratio as high_as'o;oz; the hydraulic efficilenciles would

still be 88% and 75%, respectively.. Unfortunately, the starting
?orque would generally be inadequate in the latter case, except
in certain applications.??

XIIT. Approximate Determination of Twist of Blades

In the linear airscrew theory developed by Praridtl, the
wake is cylindrical from the point of origin, and throughout the
cross section the axial speed upon entrance 1s equal to its
average v, computed above.

In the case with whiech we are concerned, in which the per-
turbation causéd by theérailrsecrew is no longer infinitely small,
the axlal speed through the wheel ceases to have a uniform distri-
bution, while retaining the same average walue.

On either slde of the surface of discontinuity which delimits

the wake there 1s a constant difference Vi - Vg between the squares

of the speeds of the fluid. This negates the assumption that Two
airflow lines which are contigucus at first and are destined to
pass on either side of the surface of discontinuity could separate
at the actual edge of the surface.

In the theoretical case with which we are concerned, that of
an infinitely thin surface of discontinulty generated by an in-
finity of infinitely ®lender vortices arriving from an iInfiinite
number of blades, one finds con the other hand that the forward
edge of the surface of discontinuity constitutes a characteristic
line defined by the airfaéw lines,andnon which the speed becomes
infinitely high (Fig. 75).

Correlatively, the vobtex of surface V, - ngzlxﬂe is infinite, /115

“4and as a result, the = rate of transverse3mbti&ﬁ?‘?};:;zglf of the

" -2
gilﬂcancelling the efficlency (loose wheel),
.m ‘ .

they would be approximately 75 and 150, respectively, for % =
0.02 and 0.01 (at high speeds wry the bracketed expression tends
toward 22F14)
v, T

Fr' g ror the values of

22 The assuﬁ%tion of infinitely siender; but infinitely small and
numerous vortlces occcupying a contilnucus surface does not neces-
sarily mean that there will be Infinlite energy and Infinlte loss
tn the wake, as it does 1n the case of linear vortices (a single
wing or vane, for example, with uniform 1ift distribution).
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vortices is no longer zero,

The elemental vortlces are thus. especially close together in

the forward part of the wake, and they assume their final speed
V o+ v!
s and spacing only gradually.

Thus an internal point A teyond the wheel serves asg the
point of origin for the airflow lines which will follow a path
respectively on the outside or the inside of the wake. The speed
ls cancelled on the inside, and reachegs a minimum,

2 - v2 _ 2 = v o 12
Vimin = V3 - Vo=V -

on the other side of the surface.

A reflux of alr from the

rear to the front thus occcurs
on the periphery of the windmill,
and an entire annular area ab
through which the same air cur=
rents pass two different times
in opposite directions does not

- contribute to the power of the
assembly.

At first glance, this partial
, partial fan-wise operation is a
T T B it fairly strange phenomenon, and
: ' --—1 1t is paradoxical that this
Fig. 75. Longitudinal section negative local work could be

showing the arrangement of the essential econditlon for

alrflow lines and the partial opfimum use of the given span

reflux of the alr in the of the windmill. Nevertheless

vicinity of the wheel. this 1s in fact the &ase, and n
one can easily see that if the /1167

Key: a. Shaft of windmill. outside region of the vanes, -

which tends not to "1lift" (due
to the fact that the ambient alr "short-circuits" it} so to speak),
sst111 does not maintain any thrust on the alr attempting to escape
it by turning around 1t, the final diameter of the wake, and, as
a result, the total power will necessarily be lowered,

To obtain these conditions, the pitch of the alrscrew should
be ..zero_ In. - -the vicinity of point C and become negative beyond
this point at least in the extreme theoretical case being con-
sidered here, that of an Inflnite number of vanes. The only one
of these observatlons which should be taken into account in prac-
tice is that the pitch of the vanes, far from being roughly con-
stant as most desligners make 1t, should decrease rapidly and tend
toward zero close to the tip.
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Fig. %6. Detail of
the design of the
classical Dutch
windmill: the
pitch decreases
rapidly and be-
comes zero at the
tip of the vane.

Now, it 1s remarkable that the old
Wwindmills found in our countryside since
time immemorial, as the palntings of the
Dutch masters show, satisfy preclsely this
condition (Fig. 76),. which to our knowledge
had not yet been‘given any theoretical
Iinterpretation, and which moreover has
fallen into disuse in modern design. Never-
ftheless sharp intuition and a keen sense
of observation had undoubtedly introduced
1t into the tradition of the o0ld designers
at an early date. Moreover, the lack of
observance of thls condition must undoubted-
ly be consldered partially responsible for
the lack of power which is c¢learly demon-
strated by modern tests performed with
satisfactory profiles which should achieve

better efficiency.

Key: a. Zero pitchi{.
b. App. 25°.

XIV. Effect of a Finite Number of Blades

The limiting case of an infinite number &6fbbiddes, which we
have Jjust examined, fplaces no restricticn on the theoretical con-
dition which subordlnates the attempt to obtain maximum power with
a given span to that of obtalning constant circulation over the
entire length of the blades.

This is not the case with a finite number of blades, since
the free vortices of finite intensity suddenly formed at the tips

of the blades in this way will be infinitely slender, and: would -

produce infinite kinetic energy, although this would occur ' in a
volume which would decrease as thelr frequency or proximity in-
creased.

Correlatively, the reflux rate developed by these vortices in
the immediate vicinity of the blade tip (Fig. 77) would require a
highly negative pitch for the bladej, and would give rise to an
extremely high "induced" resistance under this element.

To prevent this, as ~in- ‘all'*¥similar. cases in airfoil
theory, the cireulatlion must gradualiy be decreased toward the
tip of the vane, distributing the free vortices released in this
way along the'tralllng edge, over a length proportional to the
spacing between consecutlve free vortices,
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The problem of optimum
1ift distribution has been
sclved by Dr, Betz, in a form,
however, limited by the assump=
tions of linear theory, asd
applied to the propeller, for
example.

In the general case with
which we are concerned, this
problem unfortunately remalns
insoluble and must be supplanted
by a random outline whose
practical repercussions on the
operation of the whole will be
of minimal importance.

Fig. 78 shows how these
vortex surfaces, whose inten-
8ity, which is zero toward the
shaft, rapidly becomes extremely
high at the tip, immedlately
after originating in ab in the
wake of the trailing edge begin
to wind in increasingly tight
spirals which are entrained by
the alrstream, At a large dis-

tance downstream, these spirals more or less uniformly f£ill
nuclel which are appreciably circular in cross section, where the

viscosity tends to equallze the rotation speeds.

These nucleil,

which at first form a regular chain, gradually scatter to one silde

or the other, and,

smoothing the contours of the wake, ultimately

efface it completély as the alrstream becomes homogeneousg once

again.

Fig. 78. Detailed structure of

the contoun of the wake, show-
ing the progressive. convolu-
tions of the vortices of which
it consists.
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The Darrieus Wind Motors

(Developed by G. Lacroix,
Engineer, Electro-Mécanique
Co.,)

Description of the Installation

The types of wind motors
designed by Darrieus have been
constructed by the Electro-
Mé&canigue Ca. 0n-the land sdiacent
to its plants in Bourget. They
have been analyzed with respect



These are high specific speed windmills;

thus they rotate rapidly and have narrow vanes, especlally at the
tip.?, a necessary condition for obtaining high speeds, In fact,
their light and slender appearance never fdlls to surprise anyone
used to Dutch or American windmills, which have much larger-airfoil
surfaces, This low blade surface area permits these windmills

to remain stopped {(or in operation) during the most violent storm
winds without the necessity for deflecting the wheel. Moreover,
~given their hightfotation speed, in normal operation the blades

are already subjected to a relative wind of the same order of
magnitude as the most violent winds they might encounter in this
region when stopped. To diminish their fatigue, the blades have been
inclined to the rear so as to bring into play the centrifugal /119
force, which, like the thrust of the wind, is proportional to the
square of the rotation speed or the wind speed. Under these con-
ditions, the combined thrust of the wind and centrifugal force
remains constantly directed in the general direction of the blade.
Consequently it is unnecessary for the blade to withstand any
bending stresses during normal operation (Fig. 79).

fo theoretical data,

Another interesting char-
acteristic is the biplanar
design of the blades. Each
biades consists of two
Juxtaposed vanes of unequal
length, assembled at a fairly
acute angle and connected by
spacers and, in some cases,
diagonals., It 1Is extremely
diffieult to constructtlong,
single-plane blades with suf-
ficient rigidity, especially
if they are not tilted to the

Oferce
centrifuge
s
Axe
d arientztion,

wind generator. The inclina-
tion of the blades to the rear
is such that the combination of
centrifugal force and thrust on
each blade is constantly direct-
ed in the general direction of
the blade, which elimdnates
bending stresses. The combined
thrust F on the four inclined
blades keeps the windmills
facing into the wind.

. Centrifugal force,
Pivoting shaft.
Direction of wind.
Thrust,

Key:

o oo

rear. The only two possible
solutions are the use of an
inside frame or outside brac-
ings. The use of an inside
frame results in extreme
thickness of the blade at the
root, at the expense of
aerodynamic performance. Out-
slde bracings or guyswires,
which are too often used, intro-
duce tremendous parasitic
resistances which lower the
efficlency of the wheel. A
biplanar or multiplanar blade
deslign makes 1t possible to
obtain adequate tail-in at

the boot, while retaining a

113



relatively thin blade profile to ensure high efficiency. The
spacers or diagonals are also contoured to introduce as low a
resistance as p0551ble in any case, this will be much less than
that of the steel wires generally uSed as guy-lines.

The profile used for the blades,is a Joukowskl profile with
an extremely high aerodynamlc efflciency. The aerodynamie
characteristics of this blade design are well-known due to the
measurements performed in the Gottingen laboratory.

In all cases, the punposeswas to generate electrical power,
an operation sulted to low starting torque. The wlndmill uses
multiplying gearing to drive an ordinary generator, and the /120
assembly 1s placed in an impervious enclosure at the top of the
pylon, eliminating the necessity for any mechanical transmission
to the ground (Fig. 79). The generator 1s eguipped with an
automatic excitation regulator which at the same time ensures
parallel operatlion with the storage battery.

These windmills do not have any orientation system. The
wheel 1s simply mounted downwind fifomhthe pylon and the enclosure
(an arrangement facllitated by the rearward tilt of the blades),
with the result that the windmill orients automatically under the
thrust of the wind in the manner of a rudder. Since the windmill
cannot be halted by deflecting the wheel, this is obtalined by
means of a mechanical band brake or brake with shoe controlled
from the ground and also able to operate automatically when the
speed of the windmill reaches a given level (overspeed).

The use of a high specific speed provides the windmill with
one extremely attractive characteristic: automatlc-power limita—
tion when the wind speed increases. If a given method is used to
prevent the speed of the windmill from increasing as rapidly as
the wind speed, the angle of attack increases, and when 1t has
reached a level correspondlng to critical incidence, the airstreams
separate from the backs of the btlades, while the 1ift or torque
decreases appreciably. In order to limit the powenrf. therefore,
one need only prevent the windmill from rotating in proportion to
the wind speed once the maximum power has been reached, This is
obtained simply by providing the generator with a compound charac-
teristlec at that point such that the power increases more gquickly
than the third power of the rotation speed. As a result, the
speed of tThe windmill increases only very slowly as the W;nd
picks up, and the power may be sald to undergo no further increase,
the torque becoming virtually independent of the wind speed within

brogd limits.

Two types of windmills have been constructed so far.

114



{a) Windmill with Four Bladéa'B}m in Dliameter

This windmill is designed to. produce power on the shaft of
1800 W at a wind speed of 5 m/sec, rotating at 80 rpm (peripheral
Speed equal to 7.5 times the wind speed). It 1s able to generate
10 kW at a speed of 9 m/sec, rotating at 150 rpm. Since the wind
Speeds for which this windmill was designed were not as hlgh, the
maximum output was set at 4 kW and the normal output at 1500 to
1800 W. The blades were constructed of wood,

Each blade, of biplanar design, consists of a large vane
which first receives the thrust of the wind, braced at the rear
by a vane of lesser length. The two vanes are connected at
various points by contoured wooden spacers. These blades have
demonstrated remarkable strength during a number of accidents
which occurred during the tests.

The spped multiplier with gears, the generator and the auto-
matlc brake are mounted on a cast baseplate (Fig. 80), which is
able to rotate en a pivot mounted on the p¥lon to permit orienta-
tion.

The assembly is -housed -if.sanaimpervious sheet metal enclosure

which is rounded in the front and terminates in a point to the
rear. All the lubrication is splash lubrication, requiring no
-Emauﬁemﬂme -other than an ¢il change once a year.

Two variants of this windmill have been constructed, one on
a wooden post guyed by three steel cables with a 1500 W, 24 V
generator for lighting installations (Fig. 128), and the other on
a metal pylon with a 1500 W, 110 V generator, for lighting and
motive power installations>(F1gw 80). In both cases the height of
the mounting is approximaté&ly: 15 m.

The welght of the mechanical part, without enclosure, 1is
approximately 400 kg, depending on the type of generator. The
blades weigh 45 kg, not including the cast hub. The generator
always operates in parallel with a storage battery placed on the
ground, whose capacity should be adequate to ensure operation for
three days during a calm.

(b) Windmill with Two Blades 20 m in Diameter (Fig, 80)

This windmilll has been designed to generate 12 kW of
electriclty under a 6 m/sec wind and with a rotatlon speed of
approximately 60 ppm.(d/V== 10), It has not been Intended for
use under higher winds, and the maximum output has been set at
15 kW. The blades are constructed oficsheet metal, without an
inside frame. Each blade consists of a large vane 10 m long,
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guyed by a small vane 8 m long, the two vanes being connected

by contoured bracings and diagonals which operate only when the
windmlll has been stopped by storm winds, The multiplier and the'-¢122
110 V generator are also connected to the top of the pylon.. The

total weight, not including the pylon 20 m high, is 2400 kg, the

blades alone weighing 380 kg (without hub),

The measuring devices
for the two windmills, the
battery and the converter
unit (recording and ordinary
ammeters and voltmeters,
electric meters, tachymeters,
recording anemometers, auto-
matic regulators, ete.) are
contained in a single box.
The main problem 1is determina-
tion of the wind speed. The
anemometer should not be
placed too close toethe wind-
mill, so as to keep 1t out
of the disturbed area, nor
should it be too far away,
since wind is not uniform /123
and beyond a given distance
there 1s no longer any re-
latlonship between the in-
stantaneocus wind speed and
the power of the windmill.
J It is, so to speak, impossible
Fig. 80. Darrieus wind generator to perform instantanecus
20 m in diameter. measurements, and one must
therefore perform measurements
extending cver a given time
span (avfew minutes, for example), during which the average wind
speed, rotaticn speed, output, etc., are noted.

§
1
|
i
3
!
i
1
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The measurements performed under these condltions were in
highly satisfactory agreement wilith the theoretical characteristices
represented by the diagrams in Figs. 81 and 82. In particular,
there was automatic power limitation for any given wind speed within
a 6 ta 12 m/sec range, the windmills continuing to rotate and
generate their normal power even under storm winds, Useful obser-
‘vations were made 1in regard to the starting torque as well as the
violent reactions prevoked by the changes. in ordéntation of the
two-blade windmill. (This article appeared in the journal La
" Nature.)
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Fig. 81. Mechanical character- Fig. 82. Characteristics of
g

istics of the Darrieus windmill windmill 20 m in diameter.
8 m in diameter; mechanical

power on the shaft as a func- Key: Same as for Fig. 81,
tion of wind speed and windmill except (e), of course,
rotation speed. is 40 rpm.
Key: a, Power on shaff in kW.
b. Wind speed in m/sec. Four-Blade Airscrews with Brakes /124
¢. Theoretical maxlimum
power. The Aerodynamé Co. of Berlin
d. Maximum efficiency. uses a turbine consisting of
e, 110 rpm (typ.). four blades similar to those of

alreraft propellers; the largest
blade width is equal %f£o approxi-
mately 1/4 the length.

Fig. 83 shows the baslc design of#ant.assembly of this type,
Close to the tip of each blade ls a brake consisting of a paddle
p articulated on a shaft returned to idle position by a spiral
spring r and vestlng oen a stop b, as shown in drawing 3.

When the rotation speedsol the wheel becomes excessive, these
four paddle-brakes assume the posltion p' and offer reslstance to
acceleration of the speed of the wheel,
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Fig. 83. “Aerodynamo" wheel (Berlin) with brakes.

Key: a. Cross secticn yz.
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CHAPTER 6, WIND MOTORS USING EELICOIDAL SURFACES /125

This strange device was mentioned in the Journal La Nature,
No. 533, of August 18, 1883, and No. 560, of February 23, 10604,
from which the accompanying illustration has been taken.

It consists of four vanes with heliccidal surfaces mounted
and guyed on a horizontal shaft which in turn pivots on a vertical
shaft mounted on a pylon (Fig. 84).

The weight of the assembly
is balanced by a counterweight.
The wind strikes the helicoidal
surfaces on the same slde as
this counterweight -- thus it
would be coming from the left
8ide of the illustration -- and
the turbine orients itself in
this way. According to the
editor of La Nature, this turbine
rotates more quickly in a low
wind than in a high wind, which
could be explained by the fact
that a high wind is unable to
pass through the windmill
adequately and the air thus be-
Lid=) lﬁ Lf& . comes compressed in the assembly.

In a 2 m/sec breeze the
wheel rotates at a perlpheral
speed of 4 my-and in'a 10
m/sec wind its peripheral speed is only 11 m.

Fig. 84. The Dumont turbine.

e

This characteristic provides it with a valuable sort of
self-regulation.

The motive power of a turbine of this type would be three /126
times that of a wind Wheel with paddles or vanes; thils is 1n fact '
possible, since the force of the Wwind seems to be used more
efficiently here., The angle of inclination te the shaft 1s

5° to HO° at the center of the wvane,

Two of these assemblles were formerly installed in Orgelet
(Jura) to supply water for the community. We have written to the
mayor of Orgelet to ask what became of this installation, and he
replied that it lasted only a short time because the pylon was
made of wood, and if the assembly had been mounted on a solid
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metal pylon it might havé beén satisfactory,

We have been unable to locate Mr. Dumont's current address,
but his design seems to us to be of. considerable value, since it
Wwould be capable cof ylelding a higher efficlency than that of
windmills with vanes. It would be necessary to obtain the
necessary solidity of construction, but this does not appear to
be impossible with current means.

The Sanderson Alrscrew

This assembly is mentioned de Laharpe's Notes et Formules
de 1'Ingénieur [Engilneering Notes and Formulas] as being composed
of two helicoidal surfaces wound around & horizontal shaft, the
inclination of the airscrew to the shaft being 45°. Thus this
airscrew would be relatively similar to the Dumont turbine
described above.

One of these airscrews is said to have been installed in
the Villejuif reservoir (Seine), with a manual adjustment system.
Another has supposedly been used by the meteorclogical observatory
of Mantsourls Park in Paris, with an automatic adjustment system.
These airscrews do not seem to have been malntained beyond the
test phase.

In the attempts made fto capture wind power by means of
airscrews, it seems unfortunate that inventors have seen no need
to install theilr helicoidal surfaces in a sort of funnel or
belimouth, which, up to a given point, would have converted the
wind speed into pressure.

This idea is mentioned in the documents given to us Mr.

Bollée (see Fig. 37), but we do not know whether it has been
applied, or what the results may have been.
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CHAPTER VII. “PANANEMONES"

.
'_l
)
~J

"Pananemones"

This is the term used to describe vertical-shaft
wind motors.capable of turhing without an orientation system under
any given wind directlon. The pressure of the wind can be used
by no more than half of the surface area of these assemblles,
and their efficiency is thus necessarily much lower than that of
wheels in a . vertical plane. In addition, however, the movement
through the air of that part of the wheel " not- using .. S,
#the - effect ' of the wind absorbs energy, and the efficiency. thus i«
drops to less than 20% of that of wind turbines with a horizontal
shaft.

The following description of the assembly developed by
Letestu 1s given by Professor Debauve: "Spokes positioned like
the generatrices ., of a square-threaded screw are arranged on
a vertical shaft at increasing height. These spokes are connected
by an 1ron lattice with fairly wide openings. Rubber bands are
attached to this lattice by one of their edges, and when the wind
tends to press. the rubber against themetal lattice, the pressure is
collected and transmitted to the shaft; however, after the
assembly has rotated halfway .:the wind comes from behind the
openings and pushed back the rubber bands, which resume their
normal position on the lattice and no longer transmit any pressure."

It would be useless to point out the fragllity of this
arrangement.

The Upanemores" or "panemones" tested formerly all consisted
of sails or articulated shutters assuming a position perpendicular
to the wind in one semi-rotation of the shaft and in the direction
of the wind during the following semi-rotation. Fragility,
noise and impacts, and poer efficiency are the result.

In the CGornwall "panemone,™" the paddles are types of shutters
mounted on a frame, becoming flattened against this frame to
receive the thrust of the wind and opening when the wind 1s in
the opposite direction. Impacts oceur which may be attenuated by
increasing the number of shutters. In the Lequesne and Lef&vre /128
assembly, the opening of the paddles is limlited to an angle of -
70° with the tangent .and the impacts are left violent as a
fesult. In the Wood "panemone" there are several wings superposed
on a vertical shaft, and a regulator variles the inclination of the
paddles, depending on the speed of the assembly.

Other systems such as the Costes wind rmmétor - (Fig. 86)
consist of concave surfaces which receive the wind during a semi-
rotation and present a convex surface to the wind during the
following semi-rotation. The drive power is merely the difference
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between the action of the wind on the concave and convex surfaces.
The efficiency of thls assembly.is poor, despite the governing
surfaces perpendicular to the concave surfaces which Gostes has
added to the paddles.

Another idea is to place a paddlewheel .in a sort of screen
which shields half of the wheel while the wind acts on the other
half. Here again efficiency is poor, for the reasons given
above, = o T :

8 ‘ The diagrams in Fig.

directi ent. 85 show the principle

Gy A devices which can be used

] } } l I l J ] ! l l ] l l I l I to construct panemores,
—_——

e

’ .

P Here only six paddles | "&b,
have been included in

Vn b each diagram, but obvious-
e : ly a larger number of

paddles or buckets are -
used, " depending on the

These dlagrams are cross
sections along a horizon-
tal plane,.

{(TDecnWheel with
radlal paddles, half of
which is subjected to
the action of the wind by
(61 a manually oriented screen

- or shield. e

(2) Wheel with
radial paddles with a
L movabie shield e

B oriented by means of a

rudder g 3 £wd, ' G
deflectors ry and r of a pilece w1th the screen g direct'th :
the wind onto Ltne actlge paddles of the: wheel. (See Fig. 92 for+"
the design of one of these assemblies.) : ' -

(3) Cylinder with vertical trought; the wind rushes into -
the concave Surfaces on the one side“of these cylinders and slips '
past the convex, "fishhead-shaped" surface on the other side. ™
(See the Costes wind generator shown in Fig 86.) ~

(4) Shutters articulated around a cyllndrlcal sufface; the 5

opening ofithese shutters is limited by cables RSN R .and they
are turned aside from the wind along half of the 01rcumference
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i {(5) Panels or- shutters flex1bly 301ned ‘to-
vertical rods-ahdpstopped by, fixed = =
rods, an arrangement which turns them
aslide from the wind during half of one
rotation. (Seec¢Fig. 91 for the design
of an assembly of this type.)

{6) Curved surfaces with vertical
generatrices - which recelve stronger
thrust from the wind on theilr conecave o
side than on their convex side (see the
Lafond turbine). Themotiwvepower is the
difference between these two diametrically
opposed thrusts.

The Lafond Turbine (Montpellier)

This assembly consists of a eylind
cylindrical angle «iron frame with
radiating shafts on which are mounted bits

. N : used to attach the vertical vanes.:
Fig. 86. Costes wnuymibyily
assembly ' A circular track on either a lower
or upper platform makes it possible to
transmit movement to the user equipment
by friction. . This-is. a"Very flexible transmission system.

™~
=
LS
o

The turbine rotates on a shaft on ball bearings (Fig. 87).
It is able to start in a 2.50 m/sec wind when empty and a 3 to
3.50 m/sec wind when loaded.

Fig. B89 shows how the designer is
able to state that his turbine acts as
a centrifiigal fan above a given wlind
speed, permitting its use even at wind
speeds of more than 15 or 20 m/sec.

Fig. 89 shows that the wind striking
the concave part of the blades 1s dafle
deflected to the opposlte blades, where
it produces useful work.

The following table glves the
characteristics of these assemblies and
the graph in Fig. 90 gives the final Y
performance data.

Fig. 87. Structure of . - o ol L o
the Lafond turbine. e T ' - T
Key. a. Blade
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= . Structure of a Pananemone with
Oscillating Shutters

it This assembly consists of a sort of
large round cage rotating on a vertical
shaft; large wooden shutters or panels
covered with stretched canvas, which
receive - the thrust of the wind, are
articulated on the vertical rods of this
cage (Fig. 91). Drawing 3 shows this
cage seen from above; it is a double row
of vertical rods t, positioned on two
concentric circles; each of the 12

MR SR M AL panels p iis articulated on one of the
D e e vertical rods and is stopped by the

L L other.

L[i:“;a PO T PO SV A ;'..m.',-..-..:-..'_'::lj

) ' _ ‘ From drawing 3 it ean be seen that
Fig. 88. Thirty'gsquare m theiwind, moving in the direction

meter lafond turbine indicadted by the arrows, pushes against
uged for irrigation. the panels marked 1, 2, 3, % and §5,ci.e.,.
This turblne, 5 meters “eri-slightly less than half a rotation
in diameter and 6 of the cage. The wind does not act on
meters high, drives a panels 6 and 12, which are in the plane
pulley-wheel and is of its direction; panel 7 is pivoted on
able to draw 80 &/sec its shaft under the thrust of the wind
to a height of 0.30m and is fturned aside from the wind, as
under a 6 m/sec wind. are panels 8, 9, 10 and 11, which

The elevation may be as remain furned aside until they have gone

high as 0.70 m when the past position 12. After this point the

the wind speed reaches wind sSpikes them once again.

80 m/sec.
- Obviously this assembly is able

to operate independently of wind

| direction.

The motive power which can be /133
supplied by this pananemone depends on
the wind speed and the area of the
movable paneis,

If one of these assemblies were %o
be used, for example, to drive a pump
drawing water from a well to a height of
15 m from the water level in the well to
that in §he upper tank, In: a quantity
of 1-5 m”/hr, varying with the wind
gpeed, the rotating cage could be given

R a diameter of 2 m and a height of 2 m. -
Fig. 89. Airstream w»~ifsEach panel would thus be approximately
paths in the Lafond 2 m high and 0.50 m wide, with an area
turbine. of 1 mE, and 10 to 12 panels would be
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CHARACTERISTICS OF THE LAFOND WIND TURBINES

Shaft power 'a_t_ Bpm with Ioadd - _ i k| Blades Total weight"oﬂ{!
i wind speeds &f: at wind speeds ¥ e e | approxi- | a pylon
o . ‘ ofr : P T T ) ' mate ﬂ 4 m below
o = & | B Bas torbines ] the s
0. 4.5 i=1 N E R urbine’ | turbine |
I@E 4:5m] 7m 16 m. 4.5111 7m. {10 m}gﬁ e 2 _{325 L sq
47 . |14 kgm.|40 kgm.f17 {26,538 [120] 2m. | 2m. | 2 24 ?Q-’SG_:!_H“X 6oo kg, 1,200 kg. L
‘_k'gm.x s I m- ‘ T
7 kgm.[21 kgni{6o kem.| » » » | o» » 3m. | 3] 36 » 800 kg. 1,350 kg. IF
10 kgm.|28 kgm. 110 ST SN B » sm. | 4 |48 » 1,000 kg, 1,500 kg. |
Shp b ' !
19 kgnt.{56 kg [2.15 8,613,219 | 60| 4m. 4m.{2]|24]| 1mxam | 2,000kg | 2,000kg. i
, R ' ' :
af kgm.|1.10 . 3.20 » » » | o » 6m. | 3| 36 » 2,800 kg. 2,500 kg.
R hyj : ]'}P _ .
42kgm.|1.65 (4:80 4 5.7 9 [12,8 4o Gm. 6m. | 5| B4 » 4,8u0 kg. 3,800 kg. |
- hp = :
: . B p i
70 kgm. 1.2__.‘;75hp8 hp oo » | » | 10m. 5‘ 96 1 7,200 kg. 6,000 kg. '1
.
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Fig. 90.
Key. a.
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placed around the circumference
of the rotating cage. Wim. 1

The structure of theé

assembly includes:

1. A solid gantry P,

shown from the front (Drawing 1),
in profile (Drawing 2) and from

above (Drawing 3).

This gantry,

similar to a gymhasium cross-
beam, must be firmly braced by
struts /J J, with =0l1id concrete
bagséscfior the ends of these
struté as well as the supports

of the gantry.

For copfimum

stabllity, other struts should
he added outside the supports,
within the plane of the gantry,
but these have not been shown

here.

This gantry may he

constructed of oak beams or o
steel girders

»

Fig. 91.
shutters.
wind
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Panemone wlth oscillating
Pirection of

Key.

A\
e
i

\
\'C‘

}
]

‘bearing_“b_hap thgwtop_gJ

y
Py

ke The rotatlng cage

1s mounted 61 a vertical
‘shaft™ a, resting in a- ."

centers= castlng ¢ _at the . ’

*,bottom and held’in placei

by ‘a vertical=floor=rs - /

Two .disks’ dadl are - -
keyed inte thick.sheet” metal

Ee gseen in d (Drawing
).

Steel rods otarares
secured between the two
disks dd (Drawings 1 and
3) in two rows 15-20 cm
apart. Fig. 8 shows a
detail of the attachment of
these rods, by means of a
ring x and a nut, between
which the disk d iis

7134

- plates onfthis vertical = /A
~-shaft. "Each of these dlsks -
‘May be construeted of two ©
fir-planks-nailéd together,ﬂ
Tdgainst the grain as” may



fastened. These rods are assigned a diameter of 20 mm. If the
disks 4 are large enough, more than 2 m in diameter, it 1is
useful to support the upper disk with tie-rods =zz attached to
a large keyed washer at the top of the vertical shaft a.

To the base of this shaft a 1is keyed a toothed wheel which
meshes with a plnion driving a horizontal shaft wuj; to this shaft
can be attached a pulley which will receive the control belt from
a pump or any other machine,

3. The movable panels will be constructed of good-qualilty
fir, without damaging knots, in planks 7-8 cm wide and
approximately 4 cm thick, pinned with mortises and tenons; . with
one or several intermediate cross-beams, depending on thelr
height.

The number of these panels to be mounted on the cilircumference
of the disks dd will obviously vary according to the diameter
of these disks and according to the width of the panels. In any
case there must be adequate space between two panels so that one
panel is able to rotate a half-turn without catching on a
neighboring panel, as is the case during a change of positlon by
panel 7 (Drawilng 3).

Drawlng 4 shows a structural detail of one of these panels
p: 1its articulation wlth the red ¢ consists of broncze
mountings nj3 and mmp which are in"wide commercial use (see
the catalogiie of the Piat Foundaries in Paris). These mountings
are so0ld reamed with openings of any diameter (only mounting
n, 1s shown in our drawing). /135

As it pivots, the panel somewbat’ forcibly strikes’the = -~
second rod:.t,s, which serves as a step: :This impact is  Cenpéd by
nailing a fairly thick sheet of rubber or felt to the panel
(pieces of old inner tubes from automobile tires).

The panels p thus consist of wooden frames which must be
covered with strong canvas of the guality used for sails or
awnings. It is a good idea to attach these sections of canvas
to their frames by cords, studs or fasteners, so that they can be
removed in the case of a4 heavy storm or heavy storm warning, in
which the excessive wind might damage the pananemone.

Another possibllity for protection against storm winds is to
provide a system for securing movable paneidsaagainst the stop
rods (to in Drawing by, In this way the panels will no longer
be able to pivot on "¢ the rod t1 and the thrust of the wind will
be ‘baldaneed ™ on each side of the cage, whieh will no longer
rotate. Nevertheless,. it 1s more advisable to take down the
canvas completely.
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If one wishes to builld a pananemone of large dimensions, with
a cage helght offmore than 2.50 m, for example, this cage must be
divided into two stages by placing a third disk d between the
two shown in Drawings 1 and 2. The panels p will thus be smaller,
easier to cover with canvas and easier to maintain than extremely
large panels.

Degign of a Pananemone with Shielded Paddles

If we consider a paddle wheel (Fig. 92 Diagram 1) mounted
on a vertical shaft and exposed to wind as indicated by the
small arrows, it is obvious that the pressure of the wind will be
the same on paddles p and po on elther side of the vertical
shaft, and that the wheel will not turn. However, if we
obstruct the thrust of the wind on one half of the wheel by means
of a sort of screen (Diagram 2), the thrust of the wind will have
an effect only on paddles p and the wheel will turn in the
direction of the arrow, even though the directdon of the wind will
remain parallel to the diameter of the screen e.

Since wind direction varies frequently, it #s necessary to
shift the screen e appropriately so that its diaméter will
remain in the direction of the wind and the wheel will continue
to rotate.

This movement of the screen e may be performed by hand,
as was the case with thevorientation of the old windmills, which
had to be watched constantly by the miller to keep the blades
facing into the wind.

However, it is easy to construct an automatic orientation
system for our assembly by installing the screen e on a plivot
concentric to - the vertical shaft of the wheel and by equipping
this screen e wwlth a rudder g which will keep the dlameter
of the screen in the direction of the wind. A basie diagram of
this design 1s shown in Diagram 3. V¥

~

In this assembly, it may be seen that the screen 1s on
only one side of the central shaft, with extremely poor balances
as arresult, all the wéight being on one side of the pilvot.
We will improve this balance by lnstalling a second screen d
(Diagram 3) which will serve as a deflector and will direct the
wind onto the paddles ©pj, which will receive a more powerful
thrust in this way.

The thrust o%ithe wind on defY¥ector d balances the thrust
on the fixed surface of the screen e, which helps to improve the
static balancing of the assembly as a whole.

_ Diagrams 4 and 5 show one type of design for this wind
T motor. -+ Diagram h shows a cross section along a vertical plane
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passing throughtthe /137
vertical shaft, and Fig.

5 a cross section along

a horizontal plane half-

way up the assembly.

An extremely rigid
steel, iron or cast
metal vertical shaft is em-
bgedded in concrete or
firmly secured to a frame.
The present diagram shéws
a cast metal shoe s
recelving the base of the
shaft a and embedded in
concrete. Any method .
may be used to secure
this shaft a, however.
For example, one can use
crosg-—-girders and oblique
struts, a procedure often
used to secure the base of
a..post or. pole with 'a free
‘top end firmly dnto a
buildings or frame pylonws -
Into this/fixed " shaft a
is ingserted g steel tube
t which 1is able to
rotate freedy - ©h The-
fixed shaft a. The base
of the tube t should
. rest on a thrust-bearing
by which supports the
entire weight of the
moving .parts of the wind

' . _.motor. - Diagram b6,
Fig. 92. Panemone with automatically whieh shows the structural
shielded paddles. details of the ghaft a

and the pivots of the
moving parts, also shows a thrust ball bearing bbj at the base
of the hollow shaft t. This thrust ball bearing is obviously
much preferable to friction on washers made of bronze or any
other metal.

The top of the hollow shaft t should be equipped with
friction lining by, for its rotation on the fixed shaft a.
Here we have shown a complete ring by (Diagram 6), but a ball
bearing would be much preferable, and should be used when the
diameter of the hollow shaft t permits.
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A toothed wheel ey (Figures 4 and 6) is keyed to _the
bottom of the hollow shiaft t. THis wheel transmits the power
of the assembly through a bevel gear to a horizontal shaft r,
which is used to drive a pump, a generator or-any other type of
equipment. ) )

To thée hollow shaft t are attached arms ff which support
the paddles of the drive wheel. The number, width and height of
these paddles may vary according to the output desired; six
paddles will be used if the diameter of the wheel 1s only & m, ©
nine paddles for a diameter of 1.50 m, 12 paddles for a diameter
of 2 m, and so on, so that the distance between the tips of two
consecutive paddles should be between approximately 50 and 70 cm.

~
| e
(WM
(0]

l

The arms ff may be attached to the hollow shaft t Dby
thick sheet metal washers keyed or bolted onto the holdow shaft
by means of iron angle brackets. It must be possible to dimoancable
disassemble these arms ifwnecessary, since the platform supporting
the screen e must be installed prior to the paddle wheel, as -
we will see shortly. The paddles will be constructed of thin
planks or sheet metal.

To give the paddle wheel sufficient strength, the arms ff
will beffirmly joined by means of iron rings cc (Diagram 5); ih
the tips of the paddles may even be connected by strip iron rings
(flat, narrow iron). The screen e, the deflector d and the
orientation rudder ¢ are mounted between two wooden or sheet
metal platforms mn equipped with angles (Diagram 4). Diagram 5
shows the approximate form of the lower platform m; the upper
platform n should have the same form, but 1t 1s useful tc make
wilde indentations on the side from which the wind enters the
wheel, along the curve 1ndicated by the ddtted line my x k
(Diagram 5), to facilitate the action of wind attacking the
paddles at a steep downward angle.

Polnt k indicates a more or less heavy welght desligned for
static balancing of the screen, deflector and rudder assembly
around the central shafst.

The lower platform m of this wind-governing assembly rests
on a thrust washer bs and is able to rotate freely on the
hollow shaft t due to an interposed thrust ring be. For the
bearing bp, Diagram 6 shows a ball bearing, which 1s preferable
to a smooth washer.

The upper platform n rotates freely around a central main
shaft a by means of a thrust ring by.

Rings by and "bs (Drawings 4 and 6) may be advantageously
replaced by ball bearings.
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The drawback of thls system for mounting the orientation
device is that its welght drags on the hollow shaft of the paddle
wheel, producing a braklng effect which detracts from the
efficiency of the mechanism.

To eliminate this braking effect, the weight of the screen
e, the deflector d and the rudder g 1s supported by a stop
serew v, above the shaft a, which does not rotate. The screw /139
v, adjusted by two nuts (Diagram 6), rests in a cavity ¥
forming a socket at the top of the central shaft a, which thus
supports the entire weight of the accessory screen and orientation
system. '

The platforms m and n, between which the screen e, the
deflector d and the rudder q are secured, may be constructed
of planks 2%cm thick, nalled against the grain . as we have shown
in Diagram 6, as long as the diameter of the assembly is no more
than 2 m. With larger diameters_ . these platforms must be
equipped with a central cast metal washer or with angles in order
to maintain their rigidity against the weight they are supporting.

The surfaces maklng up the screen, the deflector and the
rudder will consist of thin laths or sheet metal, or zinc
approximately 0.5 mm thick, depending on thelr surface area. The
entire system will be given two or three coats of carbonyl or 6il-
base paint to prevent rotting and rust.

A1l rubbing parts, bearings and bearing races b, bp, b3,
by and bg should be well lubricated. This is the on}y
maintenance mecessary for this assembly; in view of the slow
relative speed of the moving nparts, fhick oil or consistent
grease should be used for lubricatlon.

The dimensions of these assemblies remain to be considered.
These depend on the output needed and the force of the wind 1n
the region involved. The output of a wind -motor.is extremely.. . .
variable, depending on the . force --of the wind; here we will
merely indicate the dimensions necessary to drive a water pump
drawing approximately 5,000 1/hr or a small .generator Tegquiring no
more than one horsepower. For these purposes, the central shaft
a should be 2-3 m high, depending on the degree of exposure fto
the wind, and the drive wheel will be given a diameter of
approximately 2-3 m so as to obtain an assembly whose vertical
cross section (Diagram 4) is -almost- ‘square, - - roughly as
wide as it 1s high.
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CHAPTER VITII. ' TRANSMISSION OF POWER FROM WIND MOTOQRSTO.” /140
USER EQUIPMENT R

Three methods are used: by vertical rod, by vertlcal
rotating shaft, and by electricity, the generat@r being .
placed at the top of the pylon in the latter case.

1. Transmission by Vertical Links and Rods

The wind wheel may be mounted on an inset shaft, a shaft
supporting a platform with a crankplhy or an excentric shaft.
Power is transmltted dlrectly from the main shaft of the wheel to
a link which is hinged - . to-  a rod extending the piston rod
of the pump.

This system has the advantage of extreme simplicity, but the
drawback of loading the crank, and as a result, the wind wheel,
Wwith the considerable weight of the rod and the link during one
half-~turn (ascent of the link), with this same weight tending to
pull the wheel during the following halif-turn.

This makes it extremely difficult to start the windmlll if
the &ink is at the end of its low stroke. This is almost always
the case when the windmill is about to start’, making it impossible
to bring the assembly into operation under 1ow winds.

This drawback may be corrected by attaching a lead or cast
metal counterweight to the c¢ircumference of the paddlewhégl ' -
opposite the erank. The weight of this counterwelght may be as
high as 50 kg when the link is extremely long. For example, in
an installation with a pylon 20 m high and a well 30 m deep--
dimensions which frequently occur--~the rod extends the piston rod
of the pump to a length of more than 40 m and weligh&i:200 kg
or more. This gives some idea of the counterwelght required.

Thée most serious problem, however, is that the presence of
this counterweight on the wind wheel causes dynamlc unbalancing
which may detract from the sturdihéss of the wheel.whHen it ‘Is /141
rotating at ihigh speeds. -

Better results may be obtalned by the more ratlonal method
of using two or three links and rods acting on two or three pumps.
In this case, statie balancing may be obtalned on the main shaft
alone with no detracting effect on the dynamic balancing in view
of the low angular speed of this shaft.

For the reasons given above, transmission by a 31ngle vertical

rod can be used ohly with small-diameter wind mdtérs (wheél) -
diameter of less than 5 m) mounted on relatively low pylons w1th
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the pump. at the foot of the pylon. Thus the rod used in these
assemblies would be relatively light.

Figure 34 shows a Halladay-Shabaver windmill with a platform
with a keyed crankpin at the end of the main shaft of the wheel.
The link, which is made of wood, is articulited wilith the steel
rod R at r'.

In the Chéne [[0ak] wind generators a bent shaft 1s used.

Finally, the Lykkegaard Company uses an eccentric, as shown
in Fig. 93, The connecting-rod #of the eccentric is cross-braced

A transmission system consisting of
gears in an oil bath in a closed gearhox . °
between the main shaft of the wind wheel and
the crankpin  of the big end of the
connecting rod is used by a large number of
designers. Generally, the spur gear train
reduces tHE ratio betwesn the wheel and the crank-
shaft. As a result, the crankshaft makes
only a single rotation as the paddle wheel
rotates twe or three times. This
considerably facilitates starting under low
wind.

! In the mechanism designed by Chapuis

é/fN \\\ (the Aiglon Windmill, Fig. 94), only one

_ Rt L pair of gears is involved; in that of

Fig. 93. Eccentric Gold Shapley and Muir of Brantfort (Canada)

manufactured by the (Figw 95) there are two palirs of gears,

Lykkegaard Compahy. completely balancing the stresses, which are
contained in a watertight gearbox -with oil 5
bath. The large end of the connecting rod /143

is driven by a crankpin directly keyed : to:. the two large gears.

The Star windmill of Flint and Walling Company of Kendallville,
Indiana, has two pailrs of reduction gears and a vertical rod
activated by two small rods and an oscillating transverse butt
which may be seen in front and side wiews in Fig. 96. Lubrication
is provided by extremely large 0il cups. Fig. 97 shows a few
structural details of this assembly.

The Cyclone wind generators in Compiégne, Oise, whose wheels
are 25.50 m in dlameter, use a system of reduction gears with a

ratio of 1:3 (approximately) and .two connecting rods on a double
gear train.

The pump rod 1s guided by two vertical steel slides.
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Fig. 94. Mechanism of the
Atglon windmill
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Fig. 95. Mechanism of the

Gold Shapley and Muir assembly.

Key. 1. Large toothed wheels
driving the connecting-rod; 2.

Gears keyed to the shaft of the

the windmill; 3. Large end of
connecting=rod b; &. Gearbox
with oil bath (the top of the
gearbox “is cut away to reveal
the mechanism); 5. Lubricating

rings; 6. Steel band-brakes i'ow

for stopping the windmill; 7.
hikey céntinues next pagel
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The gears, connecting rods
and bearings are constantliy fed
by an oil bath. A special
system for raising oil by an
endless chain insures
lubrication of all mechanisms
positioned above the level of the
oil.

ey

For windmills with a
diameter of 6.50-7.50 m, this
firm uses a single connecting-
rod without reduction gears. /Rhh

The crankshaft is keyed into
the hub of the drive wheel; this
arrangement may be used for !nrg
large-diameter assemblies whose
rotation speed does not exceed
25-28 rpm.

An adjustable counterweight
posiftioned on the arm opposite
the crankpin of the crankshaft
is used for balance and smooth
starting.

This adjustable counter-
welght 1s provided to counter-
balance the welght of the rods
and part of the weight of the
water.

As in the other types of
assemblies, lubrication is
provided by an oll bath and an
endless chain.

Gold, Shapley and Muilr of
Brantfort, Canada, use a simple
inside gear, as shown in Fig. 99,
for transmission in small wind
‘motety - With - wheels only 2.45
m in diameter. The speed of the
wheel, considerably reduced by &
the inside gear, is transmitted
by a connecting-rod b above
the pump rod, which is merely
gulded by a cylindrical slide.
The lubricationidseprovided by a
large 0il cups. A brake f is
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[Fig. 95 key, cont'd:]

7. Thrust ring receiving the
thrust of the paddle wheel;
8. Roller bearings; 9. Cap of
gearbox; 10. Ball bearing
for orientation; 11. Cap
covering pylon.

added to the mechanism, and may
be activated by a cable from the
bottom of the pylon (Fig. 98).

The uAermotor Company of
Chicago (Leclercq and Jarre in
Parils) reduces the gear ratio
by means of two pairs of spur
gears with 0il bath, which
transmit motion to the large vertical rod by. two connecting-rods

‘and a cross-rod gulded by a grooved ‘roller in-a Vvertical-slide ;f

in the form of an inverted U. _The mechanism Ta covered by a

large galvanized steel hood. v : - e

{‘-"

This mechanism is showh 1n Flg 1060,
made transparent to reveal the gears, and the same is true of the
upper hood, through which the connectlng—rods ‘and 8lide can-be- .
seen. One advantage ofii'this design 18 that the thrust given tO‘;
the vertical rod is absolutely straight. Fig. 100 shows the..

outside view of this drive head, ‘and Fig. 101 a dlagram of the /146
mechanismn. L. Ca LA : -
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RiESEdlnto the. wind. .Rigged against. the wind.
Fig. 96 Pumplng mechanism manufactured by Fllnt
R and Wallinglnd S 3
. The diagram (Fig. 101) shows how the large toothed gears
turn in the direction dindicated by the arrows z, with the
result that the connecting-rods ¢ are parallel to the rod /b7

i of the pump during the ascending stroke of the piston.

German windmills use the same type of mechanism as
American windmills.
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Flg. 97. Mechanism manufactured
by the Flint and Walling Company.
Key. 1. Top view; 2. View of
head serving as a pivoting
mounting; 3. View of assembly
rigged into the wind; 4. Diagram
of mechanism: f, Base and hHead
of pylon; r. Shaft of wheel and
drive gears; 1. Reductlon gears;
b. Double connecting rod; a.
rod of pump; o. Attack cross-
beam of connecting-rods; t©.
Oscillating guiding beam; S.
Mounting. |

Lubrication

All designers are
concerned with this
problem, ..and some windmill
heads have cups or gear-
boxes containing enough oil
so that there will be no
need fior replenishing for at
least one year. This is
extremely important, since
the task of ascending the
pylonrand lubricating the
parts requires a worker who
is a good climber.

Structure and Guidance of
Rods

The verticalwrrod
positioned within the axis
of the pylon consists of
steel tubes connected end-
to-end by threaded sleeves
or firmly pinned inside
cyllnders, or Northern fir

“wooden tubes. 60 o 80 millimeters

square, thelr” ‘successive Tengths
being connected by flat
steel splice-pieces bolted
onto the wood.

The round steel rods
are guided through either
slides or prooved rollers;
the wooden rods are guilded
by cylindrical rollers, or
the components are connected
by round steel parts guided
as described above.

Theoretically, the rod

must not operate under compression, since this weuld be bound to

curve 1t

Hérisson TranémiSSiOn

- due to its extensive length.
should ocecur as the rod is ascending.
generally mounted on ball bearings.

The heaviest atresses
The guiding rollers are

So that all the availlable wind power is used, the strength
of the, user equipment must increase as the wind speed increases.

'~
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In regard to piston-driven pumps,
, . to achieve this goal Hérisson re
i recommends the use of the devlice shown
-t by the schematic diagram in Fig. 102. /148
NF Here the stroke of the pump piston
§ varies automatically with the wind
f% speed.

1

§ For this purpose, the rod ¢

B Rl of the wind motor ~ attacks the pump
S /A by means of an equalizing-bar U and
,‘géwr Ty P a lever v  hinged at a fixed point 1.
' Sl TR A slide ¢ permits the lower end of

! - R the equalizing-lever u to slide along
| =R the lever v.

This equalizing-lever u 1is in
addition joined to a connecting-rod
b which in turn is connected to a
vertical lever 1, joined at a to a
bracket of one piece with the pylon.
The upper end of¥this vertical lever
1 1is equipped with a rigild plane e.
exposed to the wind. When the wind
speed increases, the sgcreen e tilts
b i the lever 1 and the slide ¢ approse
| i .- 4 || approaches its point of articulation
; . i; in this way the stroke of the piston
o p 1s increased.

M
,.:a« ;—-“ i.u-i‘l !

i SPREN
crraay - oeptmgs
s

Lo B Jeaw T

P N

————— .
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Tl

DIRE

Fig. 98. Gold Shapley il
and Muir mechanism for When the wind speed decreases, the
small windmills. slide ¢ 1is pushed to the rear by a
counteracting spring s and the stroke
of the piston decreases.

To balance out the welght of the rod t and
the stresses on the piston of the pump, which are
unequal during aspiration and delivery, Hérisson
proposes connecting two strong springs rr between
part d of the upper platform of the pylon and the
rod t. These two springs would store a part of
the energy during the descent of this rod and would
resore 1t as the rod reascends.

Fig. 99.
Reduction “Case of a PBump Not Installed Beneath the Pylon.

gear.

Here the transmission must be combined with -,
reciprocating motion at a distance. This may be
dbtained in varilous ways:
1. Fig., 104. The transmission consists of two bell crank
levers s7 and sp and a rigid rod wu. If this rod; which may

137



C . Lo
.o Ly .- VL e

consist of an iron or
steel tube, 1s very long,
it is supported by one

or several grooved
pulleys or rollers g.

2, Fig. 103. The
transmission consists
of a flexible hemp or
. steel cable or a chain
- : ' kk attached to theibase
e ‘  of the rod t of the

S| ' windmill, passing over
}f i . a return-pulley rj; to
.y y ' drive the pump by a bell
f?‘ 4 . ' crank lever s. This

Pl y lever s has a counter-
: ' welght c¢q which
furnishes the descending
stroke of the piston

p, with the cable kk
acting only during the
ascending delivery and
aspiration strokes.

A cable is attached
toi.the bottom of the rod
t to balance the weight
of this rod and that of
the counterweight c¢7.
This cable passes over
i . a pulley w»rig and béars
i v i a second counterweight
h . — | ¢? appropriately

~-ddmensionedito equalize
the stresgs during the
Fig. 100. Mechanlsm of the Aermotor. descent and ascent of
the rod t.

3. Fig. 105 (1). This transmission system consists of
T-shaped levers, each oscillating around a fixed point 14117
and connected by high-tension steel cables or by rigid rods Jaotane
joined to suspension pédnts. The horizontal branch of the lewer
1, is placed to the right or the left of the vertlcal branch,
depending on whether the reciprocating motion of the receiving
rod p 1is to mateh or be in opposition to the motion of the
drive rod t. If the levers 1.1 are connected by cables, the
latter must be equipped with some“type of system to adjust their
tension, since 1f these cables are lax the motion of the
agsgsembly will produce jerks which are likely to cause damage.
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Bigurérs#«-105 (2) shows that this /150
system with levers and cables may be
used to transmit motionidn any given
direction by means of return-pulleys
r,

4, TFig. 105{(3). Transmlssion
by rollers and rods (Gould) system).
Grooved rollers rrr roll between two
sultably curved ralls aa and are
connected by articulated rods. The
drive rod t and the receivihg rod p
are each gulded by rollers gg whose
shafts are fixed in relation to the
rails aa. This type of return may be
obtained in a horizontal, vertical or
oblique plane.

2. Transmission by a Vertical Rotating

Fig. 101. Diagram of tucshaft.

the Aermotor., Key. a.

Guidance system; b. This mode of transmission between
Guiding roller; c. the wind wheel and the user equipment
Gonnecting-rods; 4. has a number of advantages over the
large gears; e. Gear- vertical rod system. It makes it

box with oil bath; possible to:

f. Shaft of wind wheel;

‘g, Small gears; b. (froos . --give the main shaft of the
heaCross-head; &, paddlewheel.” an inclination of

1. Vertical rod con= approximately 15° from the horizontal,
nected to pump piston. whilch, according to the most reliable

sources, is advantageous for satis-
factory use of the wind, as shown in
Fig. 44 (Danish Agricco windmill); /151
Smra b Toby L
--multiply the low speed of the windmill by the use of
nansingle bevel gear train; the rotation speed of the vertiecal
shaft can be increased as much as possible for improved energy
transmission;

—-to place the gear train and the bearings of the shaft 1In
a single small, light and completely watertight gearbox | with
0il bath. TFig. 50 shows this gearbox, .seen in cross sectlon, on
a large Danish Mammouth windmill.

guidance and support of the rotating vertical shaft are easy
to obtain by means of vertical bearings with oil bath or ball
pearings spaced 3 or ¥ m apart, as represented by bbb in Fig.
106. The bottom end of the vertical shaft rests and rotates in
a socket with oil bath, or, better stlll, in a strong thrust

bearing.
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Rotating shafts are used only with
large wind generators (wheels more than 6 m
in diameter). This type of shaft is
constructed of sclld steel or drawn steel
tubes with the diameter - broads . - "«
enough to prevent excessive beriding due to
its considerable length and the relatively
low speed (2 or 3 times that of the wind
wheel). In large windmills, the shaft will
transmit power as high as 60 hp, and it
should therefore be dimensiocned with care.

Fig. 106 is a schematiec diagram of the /152
application of a rotary transmigizion to
various uses. One or several beveliwigears
e1eo are positioned towards the base of the
vertical shaft; these may be engaged or
disengaged at will by cluttéh couplings «cico.
These couplings transmit motion to horizontal
shafts driving a pump P. Also mounted on
these horizontal shafts are pulleys bp,
p4 and p,, one of which controls a genera%or,
and the gthers various types of farming or
other equipment as needed,.

Mr. Laurent, of the Etablissements Chéne
- in Saint-Quentin, has made it possible for us /153
t0 Vvisit the installation set up by Mr.

e mmE

gégi IOE. Pottier in Maurecourt (Aisne). Here a wind
ﬁrznzigssion wheel 4.50 m in diameter is:supplying

water, electric lighting and drive power for
all the farming equipment; graln sorters,
root-cutters, threshing machines, ete.
Obviously these maclifnes are not all in operation at the same
time, but this small windmill has been adequate to meet all the
farm needs. The transmission system is roughly as shown in

Fig. 106.

Fig. 107 shows an installation set up by Athlet Herzogs, a 154
German company, for various agricultural uses; the pylon rests
on the first floor of the building.

Fig. 108 shows two large Danish Mammouth windmill
installations. In the one on the left, the generator- =~ . .=
B 1is driven directly by gears housed in an oiled gearbox A
whose structural details are shown in Figs. 109 and 110. All the
shafts are mounted on bearings and thrust bearings with double L
rows Of balls; this careful constructlon is quite unusual and
yields better efficlency. 1In these two installatlons the vanes
of the windmill can beé turned aside by means of a lever C
located in the engine room; the lever is connected to the wvanes
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by a cable and return-pulleys.

~f3ﬁiéﬁﬁiiil&sh0ws two types of /155
gear movements used at the base of
the pylon (Construction Durey-Sohy).
The shaft of any type of machine can
be connected to these return-gears,
which may multiply or reduce the
rotation speed of the vertical shaft
of the wind - motor. - A pulley may
also be keyed to these gears for
transmission by belt or teledynamic
cable.

Fig. 112 shows the bevel geariuosx
boxes designed by F. Kdsser.

Figs. 158, 161 and 165 show the
application of vertical shaft motion
to a two-chambered pump, a noria and
an Archimedes' screw.

In Remigny (Aisne), we have seen
an Hercule wind -motor’ . . {(Chéne,
Saint-Quentin) mounted on a reinforced
concrete pylon 26 m high drawing
water from a depth of 30 m with a
three-chambered pump driven by a
vertical shaft and gears, for the

Fig. 103 (right). . - community public water supply. There
Transmission by bell are auvnumber of these installations
crank levers. Fig. 104 currently in France and a great many
(upper left). Trans- more 1n other countries.

mission by cable. L v
“.++y The Cyelone wind -motor company of
Compi&gne have: sent us photographs of their rotating vertical

shaft transmission system. Fig. 115 shows the head of the

assembly with the shaft of the wheel at an angle with the horizon.

The gears are completely énclosed in an oil bath and a small

pump on the top end of the vertical shaft draws the oil up

through two tubes. Fig. 116 shows the gearbox with oil bath at /156
the base of the pylon. This cast gearbox is bolted onto a cast -
bed-plate sealed into the foundations, which allows easy and

accurate setting of the gearbox in order to straighten the

vertical shaft.

A1l the shafts of these two assemblies are mounted on ball
bearings, as may be seen in Figs. 113, 114 and 115.

Windmills with vertical rotating shafts are well suited to
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the direct control of a.
C—— centrifugal pump with vertical
shaft placed at a given depth
: in a well located within the
i axls of the pylon, as may be
seen in PFig. 117. /157

Pl

The centrifugal pump
should be secured as close to
water level as possible.too
facilitate suction and start-
ing; it is equipped with a
strainer and a foot-valve k.

2) The shaft of the pump

p is driven by a gear {rain
which multiplies the speed of
the shaft ¢t  of the wind
motor. ., in a “suitable ratio.
This shaft t 1is guided and /158
supported by a given number
- of vertical bearings bb
?i%ériogf rgg:nsm1551on by mounted on rods émbedded in
: the walls of the well. An
installation of this type
: should include a platform
at the level of the pump and an iron~ladderaffixed to the wall of
the well, to facilitate lubrication and maintenance of the pump, /159
the gears and the vertical bearings.

%, Electrical Transmissilon

A - rgenerator. 1s°* installed at..the top of the pylon.
This generator - driven by gear tralns multiplying the rotation
speed of the wind wheel, keyed directly into the main shaft of
this wheel. "o, W07 ol 0

The gernerator 1s generally a compound or anti-compound dc gene-
ragor. . As 1t follows the swiveling motions 6fi the wheel in the
wind, it transmits the current to cables attached to the pylons
by two brushes acting on bronze rings. The entire assembly is
housed in a watertight gearbox which protects it from the weather
and provides lubrication for six months to a year.

Fig. 118 shows the Aurcra windmill (Denmark) with its generdtar
and the ingide of the gearbox housing the multiplying gears; =a
isethe shaft of the wind wheel and d the shaft of the geérerator. /160

The Adler WiHd generators!(Germany) also use & generator placed’

at the top of the pylen, with direct transmission through cut
gears, in an oil bath, which require lubrication only twice a
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year.

The generaton is the "anti-
compound" type with a stabilizing
winding énsuring appreciably
constant voltage despite variast
tions in the wind speed. The
voltage is 32, 55 or 110 veolts,
depending on needs.

The electrical current
generated by these assemblies 1s
used directly to drive electric
motors or to charge a storage
battery which serves as a voltage
regulator. '

This will be discussed
further in the chapter on
production of electriecity by
wind  motors, ', which will
P, { also describe the circuit

breakers and current regulating
} devices.

The efficlency of electro-
dynamic transmlssion systems is
not as high as that of a simple
mechanical transmission using
rods or gears, but 1t is the
-2 only attractive method for

transmitting energy over large

distances or powering lighting

systems. Here the efficiency of

a geriergbor installed «at the top

of a pylon is higher than that of
a-generator drivén by a. vertical shafit“andgasbelili-é¢ranknleveraonic i
the ground. o il oo e B el Baygerre gtuag
e prremd A

e ; 3

£

Fig. 106. Vertical shaft
transmission.
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LU ia!iu: LTI V; N,
diNicz=an2Z

Fig. 107. Didagram of the installatlion of :;
a "wind .moter: atop a building to power
various agricultural, lighting and water
pumping equipment. The transmission from
the wind wheel to the main shaft of the
bullding consists of a vertical shaft.

Key. 1. Wind -motor ' with' rotary
transmission; 2. Steel pylon; 3. Vertical
rotating shaft; 4. Outside electrical eircuit;
5. Switch panel; 6. Transmission to pump;

7. Bevel gears; 8. Chopping or crushing
machine; 9. Thresher; 10. Pounding or
flattening mil1l; 11. Wheel for transmission
by cable; 12. Transmlssion shaft; 113. Tank.



Two Danish windmill

Fig. 108.

installations
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Fig. 109. Bevel gearbox at the foot of a pylon
with athigh multiplying gear ratio.

Fig. 110. Perspective view of gearbox shown in
Fig. 109, open.
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Fig. 113. Structural
detalls of the Cyclone
vertical ball bearing.

Fig. 115. Head of the Cyclone

wind generator.
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Flg. 114. Strue-
tural details of the
gearbox at the base
of the pylon.
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Flg. 117.
Driving. ..
a centrifu-
gal pump.

250 By
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1. Carter abain dhuile enfermanties .
ges

Fig. 118. The Aurora wind
‘motor with' generator mounted
on the pylon.

Key. 1. Gearbox with oil bath,
2. Generator.

Fig. 119. Multiplying gears

(inside gearboxxwith oil hath).
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CHAPTER TIX. PYLONS AND WATER TANKS

Pressure of the Wind on Wind Motors. 3 Stress on Pylons.

Diagram 1 in Fig. 120 gives a basic representation of a
paddlewheel R mounted on a pylon. The stress of the wind on
the wheel is indicated by the force p, applled at the center
of the wheel and the stress of the wind on the pylon is given by
the force pp applied at the center of gravity of the surface
open to the wind.

This surface 1s an isosceles triangle whose center of
gravity is one-third of the helght from the base at c¢. To
determine the result of forces py and py,, force p, is extend-
ed for a length om equal to Pp and p i1s éxtended by =&
length cn equal to pp. The point u where the straight line
mn 1intersects the axls of the front of the pylon is the point
of application of the resulting force p¢, whose value 1s the
sum of the forces py and bp -

The point u', which is the pressure center of the wind on
the assembly, may be determined graphically as given 1n Diagram
1, but it also may be computed by writing:

_ _ 2h
uo + uc = oc = 3

h beilng the height from the ground to the shaft of the wheel R,
and

uOKpr=uCpr.

Solving these two equations, one obtains:

_ 2h x pp
o B_(ESI" = pp) (l)

fo determine the values of ol and p., the computations must /162
benbased on the highest wind presBures ocBupring i.e. 300 keg/m2.
This 1s the wind pressure occurring: in the mos?t violent hurricanes.

The area which the wheel offers to the wind when it 1is
facing 1nto the wind may be estimated at only half of the geo-
metrical area of its circle. Of course, the wheel should turn
aside during storm winds, but it may be prevented firom doing so
by a malfunction of the mechanism, and in this case its entire
apea would be exposed to the hurricane, aniaccident which should
be prevented. We will therefore estimate the entire resisting
area of the wheel at mR2 ¢/ The pylon, which is pyramidal with

2
triangular faces, will be subjected to stress from the wind not
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only on the angle~irons facing the wind but also these at the
rear,

Without compﬁting the exact area which these four sides of

the pylon present to the wind in this way, cne can make a fairly
¢lose estimate of this area as one-third of the area of one slde .
for a pylon consisting of steel angle iron,.and half of the area

of one side &f the pylon is made cof wood. If fhe pylon has a
water tank or if its walls are more or less filled in by solid
walls, these surfaces opposed to the wind must be added to %the
above estimated area of fhe posts and cross-beams.

For example, let us assume a pylon consisting of steel angle

.irons . with a height of 20 m to the shaft of the wheel and a
square base 4 m on a side, with a wheel 6 m in diameter at its
top.

The total area of the wheel will Ee 28.27 m2 and its area
resistant to#i:the wind will be 14.14 m“.

The total area of one face of the pylon will be 20 x4 _ mﬂmﬁﬁ
3

and its area resistant to the wind will be 13.33 m2.  °
The maximum pressure of the wind p+ will therefore be:
(1,14 + 13.33)300 = 8,241 kg

applied at point wu, determined as described above.

To compute the stress fransmitted to the anchoring polnts
a and b, one need only break down the forece pt into two

other forces, one acting by itension on the face ao exposed to

the wind, and the other by compression at polnt b, along the
directlon ub. These two forces are given by the parallelogram
utvk, and their algebraic expressions are:

ut (tension at a) = pg sin 8 (2)
-gin o
uk (pressure along ub) = ‘tg%%gal (3)

To faclilitate the measurements - these quantities may be
measured on the diagram, if the latter is exact.

Finally, the pressure at b along the line ub may be
broken dowh into two forces as shown by Diagram 2: one, bz,
which compresses the ascending angle pieces along theilr
axes, and another, by., which tends to slide the pylon along
the ground.
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¥ 1 } If one wishes to determine
the separate stresses produced
by the wind on the pylon and on
the wheel, 1t is sufficient to
construct the force
parallelograms for the press
sures p and - pp as we

have shobn in Diagram 1 of Fig.
120. The wind pressure pp on
the wheel exerts the tension
tr and the compression kp,

i
t

and, on*:ithe pylon alone, the /'J
tension 'tp and the compres- £
sion k.

Simplified Method

Assuming that the average /164
stress of the wind occurs
along a vertical plane passing
through the axis of the pylon,
as shown in Fig. 122, the
stress of the wind may be
1 . shifted to the peak & of the

vk _ pylon pp, provided that its

moment in relation to the
embedding point x does not
change.

The point of application of the force
pp being at the center of gravity of the
vertieal triangle, that is, at one-third of
the height from point x, the sum of the pressure
P~ On the wheel and that on the pylon :applied

r
at the peak o will be:

Pp =
pr-i-—p——P
3
and the tension and compression stresses, equal
on both faces of the pylon, will each have the
value:
= =P
t =k =555 8

B8 being the angle the base:of the pylon makes
with the horizeon. In pylons with a square base,

the stresses are distributed on two of the legs;
thecatress of the«wind on a single leg will

"“therefore be:
© pr,-l-B%

_ _ 4 cos B _
t=k-= P - § cos B




If the height of the pylon is three times a side of its base,
cos g = 0.156 (B = 81°); for h = 4b, cos B = 0.122 (g = 83°).
Finally, for ©h = 5b, as in Diagrams 2 and 3 of Fig, 134,
cos g = 0.087 (B = 85°). To divide the value :p, + Py *by cos B
thus amounts to multlplying this value by 3, 4 or 6 3n the three
cases considered above, which gives some idea of the significance
of these stresses on the legs of the pylon.

Compression Due to the Weight of the Assembly

The weight of the wswind ®metor - and that of the pylon
produce a compression stress on the uprights of the pylon which
must be added to that arriving from the pressure of the wind.

Thus the weight of this wheel and pylon assembly must be
estimated as closely as possible and divided by the number of
legs on the pylon; let f equal this stress on one leg. During
the thrust of the wind, the legs undergoing tension will be
subjected to the tension due to the wind minus this quantity &.
However, the uprights subjJected to compressionr will undergo the
sum of the compression stresses due to the wind and the weight
f , and as a result, thelr fatigue will be greater than those
subjected to tension.

This explains why, when a pylon 1is overturned by the wind,
it is always the uprights on the side away from the wilnd which
are bent, while those subjected to tension are never broken.

Numeriaal! Application to a Steel Pylon With Four Uprights

As anféxample, let us take the figures given at the beginning
of this chapter, assuming an angle 8 = 85 (p = 5b), a pylon
height of 20 m, and a distance between the bases of the legs of
4 m.

Total area of wheel: 28.27 m®.

Area resistant to wind: 14.14 m2.

Pr, maximum pressure of wind on the wheel not turned aside.
14.14 x 300 = 4,242 kg.

Total area of one face of the pylon: 40 m

Area resistant to wind: 13.33 m2.

P, maximum pressure of wind on the pylon: 13.33 x 300
P 7 =3,999 ke.
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f -k = 2575 J 555 L 16,020 .

I cos B U4 x 0.087

To this stress must be added one-fourth the weight of the
pylon arid the wheel, which we wlll assume to be estimated at
4,000 kg, that is, @4p000uLkg flor each leg of the pylon. AS a
result, the maximum stress on one of the legs of the pylon will
be 17,000 kg.

Assuming the stress on the steel to be«l3 kg/m2 (the /166
accepted stress for réinforced concrete), a cross section of one
angle-iron . at the anchoring point of one of the legs should be
lZ%%QQ = 1,310 mmg, which corresponds toc an angle iron -
measuring 90 x 90 x 8. (See table below.)

TABLE OF MILD STEEL ANGLE. - IRONS

— p——

g™ i I T ) T

[!Ii Equal-vanes ‘Ynediial vanes
I|Profiles in | Weight|Cross | Profiles |Weight |Cross
| ' per m [sec- [ in mm | per, m £i6ns,
) (A A ~ltiens } - : n kg .- 2
; in kg |5 mmd in mm” -
li: |
1 dox foXx 4 2_.\:3;:0 304 DOX 30X O 2.920 o7D |
)| 45% 43x 4.3 3,200 385 | Gox4ox 5 5,700 =
f dox box 5 5,700 470 70X5H0X D 4.480 973 |
1 55X 00X 5. 4.500 575 Box4ox 7 Gﬂ'So. 7oL
i‘ 6ox Gox 6" | 5535 | 6841 Soxvox 7| 6720 861 |
ij 65X 65% 6.5 ©.2060 805 BoxGox 7 7.200 g5t |
Il 70X 70X 7" 7,500 631 goxXs0x B 8._"_480 1,216
I Sox Box B 9.500 | 1,218} 100x6ox10 | 11,700 | 1,496
;l' gox goX ¢ | 1z.000 | 1,039 || 100x8ex & | 10,700 | 1,539 .
A 100x100x10 | 15,000 | 1,900 || 170X70X 8 | 10.700 | 1,376
13 110X 110X 11 17,790 | 2,209 120X 80X o 15;_;’,00 1,719
L 120X 120X 12 21,550 | 2,730 || 130X90Xx11 | 17,900 3,200
L 150X 100X 14 51,250 | 4,004 || 1boxXBox12 | 21,500 2,736

¢ Note. The corner-posts always consist of equal angle
irons, but it 1s advantageous to consgtruct the horizontal cross-
beams and the braces, which are subject to transverse bending,
of unequal angle irons, the broadest flange belng placed 1in the

vertical plane.
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Pylons With Parallel Uprilghts

This arrangement 1s frequently used for pylons supporting
a water tank, like those shown in Figs 123, 125 and 127. In
this case, the force- -of . the wind ~should be *.computed -~
as shown in Fig. 123: the pressure of the wind is applied at
the center of gravity at the prism made up of the pylon, that is,
at half of its height xh, at o.

By Joining o to the ends of the vertical plane a and b
and decomposing the force p according to its directions, one
obtains two equal forces of %ension and compression t and k.

.
|_l
(@)Y
~a

By connecting these forces to ~points a and b by lines
t1 and ky, and by decomposing them, one obtains the forces
acting vertically on the feet of the pylon, T and K, and for
one face of the pylon one has

_ _P
t =k 2 cos B!
Lo - P sin g._' P
and 'T = K E—ESE—E 2 tan B

If the pylon has 4, 6 or 8 .legs one divides by 4, 6 or 8.

. 1 Effect of the Welght of the Pylon and the
ih Wheel on Stabllity

1 The stability due to the weilght of the
PN j wind --~motor . assembly “1is ‘' not ' ;
Il very ‘81gn1f10ant, from the standpoint of

.

' 1 | reslistance to the wind. If the pylon were
o{“f N simply placed on the ground and not
/e g / anchored to deep, heavy foundations, it would

~
"

) be knocked down by a relatively low wind. In
N this respect, let us consider Figs. 124 and

\

X%l 125, in which the arrow P represents the

at weight of the assembly applied at the center of
;_% T gravity G of the wheel and pylon assembly.

e
.

AN M :g)\b To overturn this assembly 1if it were merely
e L O E placed on the ground, the center of gravity G
- must describe the arc of cirele ¢ around
Fig. 123, the radius bg, which corresponds to a force

fg which need be less strong as the pylon is

IE

! To determine the center of gravity of the wheel-pylon assembly,
this assembly-is considered to be lying horizontally on the ground,
and the Darallel forces representing the weight of the pylon act-
ing on 1ts center of gravity and the weight of the wheel applied
at the center of theidisk are plotted. Thus the composition of
these two parallel forces would be as we have shown in Diagram 1,
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higher,

This "overturning" force 1s approximately one-fifth the
welght P 1in a case where h = 3b, and it would be barely oOhe-
eighth the weight P with h = 5b.

In determining this force, one can neglect to take into /168
account the tension and compression stresses on the legs of the
pylon, and consider these to be an additional safety factor.

However, if one wishes to make use of these stresses, one can

perform the composition of the weight P of the assembly with

the pressure p of the wind, as shown in Figs. 124 and 125. The
resultant r will be obtained, and its decomposition will ydeld

the forces of tension ut and compression uc.

] ! The force of tension

ut extended to a on the
base will yield the tensionn
stress t;, and the force

of compression uc will be
extended to the base at b
and broken down as shown 1n
Diagram 2 of Fig. 121 to
yield the compression stress

at b.
] . -E-
....... $w~*” It mayibe noted that
' e the compression stress here
/ is significantly greater

than the tensilon stress, which
is understandable since the
thrust of the wind forces a
single side to bear the

entire weight of the assembly.

-l

Tank Mounted on Pylon /169

F

In this case, the above
computations must be made
with this tank assumed
empty, which might be the
cagse during a hurricane,

e U

P

PFigs. 124 and 125. .. ... . However, the weight -
Fig. 120, and this will determine the position of the center of

gravity of the wheel-pylon assembly. In a pyramidal pylon, the
center of gravity is one-fourth the height from the base along

the axis ofs=ghe pylon.
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of the water in a full tank must obviously be taken into
account in determining the resistant:.cross sections of the legs
of the pylon below the water tank. N

In a pylon with a triangular base, the entire tension or
compression stress may at times be exerted on a single leg. This
happens with the tension when the wind is blowing on an angle
of the pylon and with compression when the wind is blowing
perpendicular to one of the faces. The three-upright configuration
is highly disadvantageous, therefore, and is used virtually only
for small assemblies of low height.

b The four-upright pylon, wilth
a square base, 1s generally used.
The stresses are always distributed
over two legs, or over a cross
section equivalent to that of two
of these legs.

In a pylon with six legs.,and
a hexagonal base :the sthesses must
be considered as distributed over
three legs.

In wooden pylons, the stress
on oak or " top-quality Swediss
fir should not exceed 60 kg/ecm® of
the net mortise cross section,
under tension or compression.

Construction and Assembly of Pylons

! : In the Congo, wind motors. -

P - have been installed on high trees
whose upper foliage haS.'first

been cut away. A sort of
scaffolding 1s constructed of long
branches or poles, and this serves
as a ladder and upper platform
arocund the large trunk of the tree.

Figs. 126 and 127. A wind motor - pylon may be
i constructed of fir trunks connected
as cross-pleces and St. Andrew's crosses, firmly bolted into the
four trunks forming the legs of the pylon. These pylons must
always be given a pyramidal shape, making each of the sides of the
square at the base between one-fourth and one-fifth the height of
the pylon, measured from the top of the foundations to the shaft
of the wind wheel.
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When the weight. of thewlnd motor is not too great and there
is no rod or shaft descending vertically from the shaft of the
wheel to the ground, as 1is the case when a generator is-placed at
the top of the pylon, the ladder may conslst of a wooden post or
a steel tube (of the pole or tubular post type) or a vertical
lattice girder,

This post is then guyed at a given distance from its top to
allow room for the movement of the blades, as shown in Fig. 128
(an installation constructed by the - " Electro-Mécanique Co.).

Wooden pylons may be constructed as a framework connected by
tenons and mortises, but mortises have the disadvantage of
conslderably decreasing the resistance of the corner posts o
tension. To avoid this drawback, the cross-pleces and the 3t.
Andrew's crosses may be attached to the four corner posts by
bolts on broad thick lron washers. If the wood subsequently dries
out . it is easy to retighten all the bolts, and the joints can
be strengthened by nalling them with long steel spilkes.

The cross-pileces and braces are constructed of 165 x 65
fir planks or with planks split in two lengthwise.. /171

Fig. 130 shows a wooden pylon constructed in this way. In
constructing wooden pylons, it should be kept in mind that rain-
water will always be trapped in the joints, where it quickly
rots the wood. Thus the insides of thé mortises, the tencns and
the flat or joggled joint surfaces must be coated with a thick
paint composed of lead minium and linseed oil bolled with
litharge.

411 the wood in the pylon should be given two coats of
carbonyl or boiling tar either before or after assembly.

If the legs of the pylon are merely buried in the ground,
they will begin to rot very quickly, especially at the polnt at
which they emerge from the ground. This rotting can be retarded
by burning these posts superfleially and coating them with tar
while they are still extremely hot.

However, the installation costs for a wind motor .. /172
mounted on a pylon are too high to settle for precarious
foundatilons of this type.

Tt is much better to bulld foundation dles of masonry
stopped with cement mortar or reinforced concrete, in the same
way as 1f the pylon werecconstructed of steel angle irons.-: Flat
or U-shaped anchoring rods will be embedded in these foundations
and bolted to the four wooden legs, which will merely rest on
steel plates placed on the masonry.
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In this way it is

‘ 7 easy to re-coat the un
™~ ;f four legs of the pylon
N  with tar . at their
£ < base, which is most
///cgp ' subject to rotting.
d Fig. 130 shows a wooden
‘ ! pylon resting on two /173

]

i

h _ cross-beams which in

! . turn rest on the

' masonry foundation, in
_ which the steel anchor-
S ing rods are embedded.

. e :
i S Steel pylons have
S lfﬁ v ~ three jor 'four legs or
PR ] uprights,. Whose shown

' » ! in Fig. 132 and 133 are
B - =t c¢onnected by horizontal
R 1| crnoss-pieces and St.
it Andrew's crosses, the

i
I L
I entire structure

consisting of steel

. o . ; angle -irons. The
Fig. 128. .Guyed post built by the horlzontal cross-beams
Compagnie Electro-Mécanique. are generally given a
cross sectlon equal to
one-third the cross section of the corner uprights, and the
rods forming the St. Andrew's crosses are given a cross section
equal to one-half the cross sectlon of the uprights.

All the rods are connected by hot riveting or by bolts on
sheet metal gussets  in accordance with ordinary ironworking
practice. If the pylon is small, . it may be assembled in the shop
by hot riveting or even by autogenic welding, and is shlpped to
the siftei ready to be set up on the foundations. Large pylons,
however, generally arrive attthe site disassembled, and the joints
are then bolted.

Scome designers replace the angle  iron St. Andrew's cross
with satiffeners consisting of round steel rods or steel cables. /174
This will be discussed in a special section. —___
iy

Diagrams 2 and 3 in Fig. 134 schematically show two methods
of bracing steel pylons with square bases whose sidenls equal to
one=-fifth the height of the pylon.

The bases of the corner uprights rest on the top of the
foundation, and the anchoring irons ee are rivéted onto them as
soon as the pylon :has been set up.
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Diagrams 4 and 5
eem—  in Fig. 134 show two types
of anchoring irons whose
length ineludes the part
embedded in ‘the conecrete
foundation and the part
aboveground. To work
satisfactorily, the
anchoring rods should
reach to the bottom of
the foundation and be
bolted or riveted onto
each of the corner
uprights over a length
equal to approximately
one-eighth the height of
the pylont! Thus the
anchoring irons for a
pylon 20 m high, for
example, will each be U-iwu
5 m long, and their
cross sectlon— should be
at least equal to that of
the legs of the pyilon.

In the foundation,
these anchoring irons
end in fishtails (Diagram
: Soommg: | 4), ends of angle ‘irons

\ iveted perpendicular to
Figs. 129, 130 and 131. Wood pylons 1.
the strut (Diagram 5), or

and a masonry tower. hooks anchored t6 the

battom bracing of the
foundation die (Fig. 141). Some designers have the legs of the
pylon end at the base in sole-plates (Flg. 131) or angle - irons
to which the round steel anchoring rods are secured by nuts. Fig.
140 (b) shows a U-shaped rod used as an anchoring strut by the
kykkegaard Company.

T e e

T

Steel pylons may be set up on masonry towers (Fig. 129),
sheet metal tanks (Fig. 131) or reinforced concrete tanks
(Figs. 135 and 142)., 1In these cases their legs are flrmly
anchored on these supports,

A sheet metal or wooden tank can easily be housed inside
g wooden or steel pylon.

‘"Mhe Aermotor Co. makes these tarksout of white pine, cypress
or galvanized steel platex. They are mounted on wooden or angle-
iron. cross=pleces which in turn rest on the horizontal cross-~
pieces at a given level in the pylon and :=are covered with a
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Figs.11320and 133. Steel

pylons.

conical 1lid.

The weight of these tanks
contributes to the stability of the
pylon,

" Galvanized Steel Pylons With Stiffeners
- Consisting of Cables or Steel Rods

Rather than using angle ;irons as
braces to distribute the stress on
the pylon, some companies prefer
the use of hlgh-tension steel cables
in an X configuration between the
horizontal cross-pleces connecting the
uprights. Figs. 137, 138.and 139 show /176
the structure of  pylons constructed
in this way by Gooild Shapley and Muir
Company of Brantford, Canada. The
characteristiecs of théese pylons are
as follows:

Fig. 137. Height 20 m, double
bracing, for areas exposed to i
extremely violent winds.

Fig. 138. Height 20 m, single
bracing.

Fig. 139. Height 13.33 m, single bracing. /177

In all these pylons . the horizontal cross-pieces are

approximately 1.50 m apart.

&
1

The Cyelone company of Compi&gne, Oise, has used a system
of tighteners consisting of round steel rods to brace its -

pylons.

Each of the steel cables or steel rods in these bracing
systems must be eguipped with a stiffening mechanism to correct
their extension due to the effects of expansion and contraction
by heat and cold, or their fatigue due to the stress of the

wind.

This can bexaccomplished by connecting the steel cables to
threaded rods or by threading the ends of the round steel rods.
The tension is then adjusted merely by means of nuts tightened
on angle drons, as shown by the three diagrams in Fig. 136

(Cyclone?,
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These construction procedures appear to be more complex
and costly and appear to require more supervision than
installing a bracing system consisting of angle irongiriveted on-
to the uprights and cross-pleces of the pylon. However, they
can be attractive nevertheless, in cases where disassembled
pylons are shipped to areas where it is impossible to rivet
the angle 1rons.

I
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Fig, 135. Steel pylon . Fig. 136.  Fasteners

mounted on a tank and a for steel stiffening
reinforced concrete pylon. , components. :
(The wind metor of the.Pds- ... ~ LR )
de-Calais School of Agricul- -

ture. Wheel 4.20 m in dia§
meter, tank capacity 150 m”.)

Key. &a. Level of roofing; “\5
b. Crbss Sect%ggkat u (typ.) ‘
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Figs. 137, 138 and 139. Pylons with
stiffeners (Goold, Shapley and
Muir).

pee e e -

WITH STEEL CABLE STIFFENERS (FIGS, 137-=139)
FOR * WIND - °MCTORS 2,50 TO. 3 M IN DIAMETER

Height of pylon Weight in kilograms Spacing of legs
in meters With 3 legs/With 4 legs on the ground
6 140 164 1.60m
9 190 240 2.25 m
- 12 277 368 3 m
15 368 470 3.75 m
20 k70 624 5 m

The dimensions and weight of these pylons are roughly
those used by Gocld; Shapley and Muir of Brantford, Canada.

- b
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WEIGHT OF STEEL PYLONS FOR THE MAMMOUTH WIND . MOTORS ™ -
(IN KILOGRAMS)w(FIGS. 47 AND 48)

Dismeter of Wheel 1n me - 1o T2 w16 18
Weight'of:pyldns:
15 m high 1,500 1,950 2,400 2,475 2,925
20 m high 2,000 2,600 3,200 3,300 3,300

These pydons have four legs whose distance from each other
zn the ground is equal to the height of the pylon divided by
.5. )

~
'_l
-2
o

|

WEIGHT OF STEEL PYLONS FOR THE "STAR" WINDMILLS
MANUFACTURED BY FLINT AND WALLING MFG. CO.,
KENDALLVILLE, U.S.A.

Diameter of wheel in m 1.80 2.45 3.65 4,25 4,85
and 3
Eeight of pylon: Weight of pylon in kg:
6 m 178 183 222 348 405

9.10 m 246¢ 260 325 4g9q 575
12020 m 336 364 455 655 765
15.20 m 435 493 6655 8455 980
18.25 m 662 800 10740 1215

These pylons have four pillars with angle-iron cross-
pieces and round steel stiffeners serving as the bracing
system. A side of the base 1s equal to the height of the
pylon divided by five,
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DIMENSIONS AND THICKNESSES OF STEEL PLATE USED IN
RIVETED SHEET IRON TANKS WITH A CAPACITY OF 100.toué1004000 &

ORIGINAL PAGE IS
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These foundation blocks or dies constructed under each of
the uprights of the pylons are adequate when the ground 1s
hard, that is, consisting of compact earth which is not swampy
or saturated, or rocks to which the concrete is able to adhere
firmly. For these cases, the following are the dimensions
recommended by constructors for these foundation dies, as glven
in Diagram 1, Fig. 134,

According to the Aéromoteurs Cyclone Company of Compi@gne;
SPACING BETWEEN LEGS OF PYLON A (IN METERS)

Height of pylon 8. 101:* 121 1415 16 18+ 20 2101 240N 2871
Spacing of ‘.. 180/ 12,20 2.50 3.00 3.40 3.80 L.20 4.60 5.00 5.40
1 legs

DIMENSIONS b AND ¢ OF FOUNDATION DIES, DEPENDING ON THE
DIAMETER OF THE WIND WHEEL AND THE ABOVE SPACING

Diameter of 2.80 3.00 4,20 5.70 7.50 9.00 10.00 111000 12.00
wheel to to to to to
3,00 3.50 4.80 6.50 8.50

2iDimensions of:

b 0.80 0.90 1.00 1.10 1.20, 1.30 11430 0L EIE0 L DL 60

e 1.25

c 1.00 1.10 1.20 1.40 1.60, 1.70 2.00 2.20 2.50
1.65

Aémﬂﬂimgim”the\ﬁﬁkkegaafd Gompany:

FOR ITS "MAMMOUTH" WIND MQTCRS - /AND PYLONS 20 M HIGH,
AS GIVEN IN FIG. 140

Diameter of

wheel 7 9 10 12 14 16 18
: AR 007 0.7 0.8 0.8 0.9 0.9 1.0
Dimensions 1B 0.9 0.9 1.0 1.0 1.1 1.1 1.2
Of dles T_C“ 1.3 1.3 1.4 l.u 1-6 1.7 108
ey R .
We recommend making the upper, aboveground part of the /182

foundation dies pyramidal in shape, which will prevent the stag-
nation of rainwater around the bases of the pylon.

If the ground is soft or swampy . the foundation dies will

not be adeguate, and it will be necessary to construct a
foundation apron of reinforced concrete & firm mascnry stopped with
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hydraulic lime mortar or cement and reinforced with a number of
iron bars approximately 15 mm in diameter, intersecting in the
rock mass and anchored to the legs of the pylon. It will always
be advantageous to make the area of this apron greater than

that oceupied by the base of the pylon; the length and width of
the apron can easily be obtalned by multiplying the spacing

between the feet of the pylon by 1.5, 1.75 or 2, depending on the
condition of the terrain., =iwn, 145 a1

Figs. 140 and 141. Anchoring struts
and foundations.

The depth of tThe apron in the ground will be the same as
that given above for the foundation dies, and its thickness
between the dies will be one-fourth of their height.

The foundation will appear in cross Sectlion as shown in
FPig. 141. It will be noted that the weight of the earth piled
on toep of the apron will help keep the pylon from overturning.

Fig. 143 shows a foundation system designed by Friedrich
K&ster of Heide in Holstein, which includes bolts sunk to a
considerable depth with convex distribution plates in conerete
aprons. The 1égggofjthe pylon : are equlipped with strong

sockets into which these bolts are screwed.

s /183
Foundations in Sand

tIn order to install wind motor pylons in sandy desert
areas, the Cyclone Company has patéented a foundation system
conslsting of a large cubicle steel sheet box at each foot of

168
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Fig. 142,

Water

supply for the
community of Mon-

chauvet (S—and-0.),

population 256;
20 m3 per day,
elevated to a

heighta6f 55 m.

the pylon, filled with sand and hermetically
sealed to prevent the sand from being blown
out by the wind. Each foot of the pylon is
anchored at the bottom of this box by a large
cast plate reinforced with ribbing. - -

Intthis: system, the sheer weight of
the four boxes of sand énsures the stabililty
of the pylon, even 1f the wind should blow
away the sand which covers them on the out-
side du#ing normal weather.

Setting Up OFf!Bylons

500 v mount'. 2 smallidismeter wind motor

"on 1ts pylon, the latter is almost always

assembled previously and laid horizontally
on the ground. Thus the pylon and the

motor are raised at the same time, ready for
operation.

If a derrick 1s avallable, the hoilsting
operation can be performed as shown in Fig.

14k

The derrick is set up so that its feet
cec are at a distance from the base of the
pylon equal to one side of the base, , with
the result that , when the pylon 1s set
upright, its base will come 1nto contact
with the derritck and thus will be positioned
on the foundation dies d. The derrick is
propped from the rear by a rigid strut g
and guyed by wires hh.

The legs: of the pylon rest. on two of’
the foundation dies and are stopped by a
beam S kept in place by two stakes firmly
embedded in t he ground =z.

Two cables kk attached to the top of
the pylon are moored on each side to stakes
pp implanted at a distance from the base s
equal to approximately two-thirds the height
of the pylon and along a line xy which is
an extension of the base 5. The purpose of

these two cables is to prevent the pylon from turning over to
one side.
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A restraining cable u attached to
the top of the pylon serves to moderate
the rate of f£iall onto the foundation dies.

The hoisting cable 1 should be
attached to the pylon at a height roughly
equal to that of the derrick. This
cable passes through a pulley r and is
drawn by the winch *t.

If no derrick is available. , the
heisting procedure may be performed as
shown in Fig. 145, Two of the legs of
the pylon are placed on two of the
foundation dies and stopped by a sill =s.
One then attaches the lateral balancing
cables kk and a restraining cable r,
for which a stake u is emplanted, the

Fig. 143. Founda-
tion anchoring
system.

Fig. 144, Hoisting by derrick

entire setup being the same as that described above.

The hoisting cable 1 passes béetween two putlogs or poles /185

wiwhose height is equal to at least half the height of the pylons, ~—

or more, 1f possible. These two putlogs are connected at b,

toward their tops and @ toward- ' their spread feet, so as to

give them. high lateral stability. This hoisting cable is drawn

by a pulley block, or better yet, by a winch t firmly moored

to stakes a embedded in the ground. The most suitable type

of wineh for this task is a chain winchswith sheaves and gears.
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Fig. 145. Hoisting by crossed putlogs.

The chain ¢ of the winch is mocored to the hoisting cable 11
and, if the chain ¢ is not long enough for the entire hoisting
distance, the excess of the cable 11 is mocored to stakes aa
and the chain ¢ 1s then attached farther to the rear,at c',
for example.

Fig. 146. Assembly by successive elements,.

When.thé pylon has reached a sufficient angle, the putlogs
b become useless and are removed, since the cable 111 willl be
pulling directly on the pylen by this time,
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If the combined weight of the
motor. and the pylon seems to COMPrise:
too heavy a lcad for the hoisting
equipment available, the pylon alone 1is
set upright by one of the above pro-
cedures and .the anchoring devices are
secured. The motor is then mounted on
the pylon by means of a pole b (Fig. /187
147) which is set upright within the
pylon. so that it will extend beyond the
top of the pylon by 5 or 6 m.

A pulley or pulley-block 1s affixed
to the top of this pole, and a cable k
1s passed over 1t, to be used to hoilst
all the elements of the motor and
paddlewheel in succession. In this
case 1t 1s a good idea to construct a
fairly broad scaffoldiwith horizontal
putlogs and planks fiarmly attached to the
uprights and cross-pieces of the pylon.

Finally, another method consists in
assembling all the elements of the
pylon vertically as shown in Fig. 146.
For this purpose, 1f there are no
scaffolding planks placed on the
horizontal c¢cross-beams, one can use
ladders vertically secured to thé
uprights which have already been raised,
and finally, the post shown in Fig. 147,
to install the wind wheel. /188

Pigs. 148 and 149 show the assembly
of Adler wind motors by these procedures.

Fig. 147. Hoisting vl

post for mechanism. Reinforced Concrete Bylong (Fig. 142),

The dimensions of the steel longi-
tudinal reinforcing irons must be computed for tension with
total cross sections at least equal te those of the angle-irons
of a steel pylon with Y4 orib legs.

In regard.to compression, the cross section of the legs
will be such that the stress on the conerete wlll not exceed 40

kg/cm?.

Round Towers and Round Tanks

The préssﬁré of the wind on these cylindrical surfaces should
be estimated at half the pressure it would exert on acvértiéal
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rectangular cross section of the cylinder.
This is because the wind slips over the
round surface.

If the tower is masonry, the welght
of this masonry will generally be
sufficient to keep the assembly from
turtiing over. However, 1if the
tower 1s extremely high and its diameter
is small, it 1s always a good ifdea to
include round steel longitudinal reinfor-
cing irons between the foundations and
the masonry above the ground.

With a thin-walled reinforced
concrete tower, the steel relnforcing
irons should have a total cross section
at least equal to that of the four legs
of a steel pylon computed as stated
earlier,

(For the structure of these towers
and pylons, see our book °.+Béton Armé
[Reinforced ‘Conerete] and volume three
of our Encyclopédie pratique du

" Batiment . .[A Practical Encyclopvedia of
fonstruction].)

] i WS 2 Pylons and Tanks Constructed of Reinforced
- ©  Blocks on - Precast Concrete Blocks.

Fig. 148. Assembly of )
mechanlism with Te=i-si1s This method of construetion offers

straining cable. the advantage of eliminating the
considerable cost of the framing and
scaffolding necessary with reinforced
concrete rammed on the site.

The precast concrete blocks should be -specially manufactured
to fit into longitudinal reinforcing irons set up at the
beginning of construction.:ef the pylon and lateral reinforcing
irons set 1n position as the courses are laid down. They should
therefore have grooves to house these reinforcing irons.

. Along these lines, we might mention the Monnoyer blocks, .-
which are supplied in a thickness of only 10 cm and lengths:
which decrease from the béttom to the top of the tower. They
also have the grooves necessary for effective insertion of the
reinforcing irons.

Part b of Fig. 150 shows a horizontal half-section of a pylon
constrieted of . blocks,. 1n Remigny (Aisne), and part h, a half-
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section of the top of this

pylon, One can see the shape /190
of the blocks and the
satisfactory insertion of the
longitudinal reinforcing irons.

This type of construction
is perférmed without any
scaffolding, placing a temporary
plank on the courses which have
already been lald down.

Filg. 151 shows a gylon of
this type with a 300 m? tank,
total height 20 m. The steel
pylon of the windmill is
embedded 1inthe top of this
pylon, as in Pig. 142, Access
to the top of the tank is
provided by a well left in the
center of the tank and iron
ladders to the ground.
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Fig, 149, Assembly of mechanism
on a previocusly righted pylon.

Fig., 150, Cross sections of
a pylon. constructed of reinforced

concrete blocks.
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Chapter 10

DRAWING AND RAISING WATER BY WIND MOTORS

Theoretically, a wind motor should be able to drive any /191
type of hydraulic assembly; one need ondly installlias sultable
transmission system modifying the rotation speed between the
drive unit and the user edquipment. This problem was dealt with
in Chapter 8llt on transmission systems, which even gave a
diagram for a centrifugal pump installation with vertical shaft
for a deep well.

A complete report on all available systems of this type
may be found in the Encyclopédie pratique des Constructeurs.
Vol. 19, Pompes et Elévateurs de liguides [Pumps and Liquid. -
Elevators]}. (Price of this volume: 32 francs). However, some
types of pumps and water elevators are generally used with wind
motors, and these will be given special attention in the
following discussion.

Rod-activated pumps e

Siphon-pump

Used for low flow rates, this pump is characterized by
its cylinder, which is always submerged, assshown in Fig. 152,
preventing it from draining. This type is produced as a - /192
suction-pump alone or a suction- and force-pump, as shown here.

.+ Fig. 152. .Siphon-pump

Its characteristies, as given by Durey Sohy, are as
follows:
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SIPHON-PUMPS: DIMENSIONS AND FLOW RATES PER HOUR

Piston Diam-. - Theoretical flow at
diam.« -+ of pipes 35 strokes per minute,
mm mm Y .o -5 Stroke Str%ﬁelit§€§oke8troke

5 100 120 140 170
. liters liters 1liters 1liters
655 || =75 |l 905 || 1,000
~ 869 1,060 | 1,240 - 1,boo
1,050 1,265 | 1,495 ﬁ 1,800 |
Loo1,32) 1,575 | 1,800 ' 2,200 |
1,040 1,955 l 2,200 2,779
1,000 2,305 |' 2,795 3,380
2,395 | 2,835 i 3,320 4,030
2,775 3,320 i 3,885 44705
3,235 || 3,885 |i 4,515 || 5,500
3,605 44430 | 5,165 G,280.
4,200 :_5,040 ﬂ 5,850 72140 |

These pumps are secured on the ground in plumb with the
rodJdof the wind wheel.

Irrigation pumps

These are simple suction pumps 1in which the water flows
through a galvanized steel spout. The eylinder 1s constructed
of brass or pure copper and the pilston of steel with ileather
fittings, with clack-valves.

¥ 5

t1g. 153. Irrigation pump
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For corrosive liguids, these pumps are constructdd of
special metals.

Fig. 153 shows one of these pumps (a Cyclone pump) installed;
its characteristics are as follows.

THE "CY¥CLONE" IRRIGATION PUMP

/Cylin-'Diam. Flow per hour in m3, at 20 piston

der of strokes per mlnute, with strokes
diam. suetilon of

pipe : |

“q20 | 160 | 180 | 240 320 400 500 |

i

"] 200 100 4,5 8 .| 8,6 o 12 15 18 8

! 250 125 = 9,4 | 10,5 14 18 84§ 23,6 29,6;

!- 300 150 10 13,4 | 15,1 | 20 26,8 53,6 42 |

,i 350 175 13,81 18,4 | 20,7 | 27,6 36,8 46,1 57,7[

;}' 400 200 1B 24 o7 36 48 6o 75 !

1 450 225 | 22,8]30,4 (54,2456 60,8 76. | 95 |

i} 500 250 28,2 | 37,6 | 42,3 [ 56,4 75 o4 nz |

I} 600 300 4o,7} 54 61 [ 81,4] 107 [155 169 l!

These flows are theoretical and vary with the
characteristics of the installation.

Differential pumps

Used for deep wells, these are single-—-effect pumps with
suction only and double-effect pumps with suction and
delivery. The wide-diameter fir wood piston ddsplacesw@adarge
guantity of water into the pump chamber, resulting in a
proportionate decrease in the wedght of the rod of the wind

motor.

The single-chamber models are driven directly by a rod
serving as an extension of the wind motor rod; models with
several chambers must be driven by rotary movement.

Fig. 154 shows a single-chamber model of this type of
pump, with spherical bronZe valves and a guiding mechanism
for the piston rod. (Cyclone).
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Thésféllowing table gives the dimensions and capacities /194
of this type of pump.

DIFFERENTIAL PUMPS
>

. i" | oy C: , o . E ¢
—~ < [13] < r~ .ny
Dlameterfmﬁm 9 @ -‘Diam. o o
fms of B 8 0f  °Bg oy dg
> [ . . = .
plstons 4 ¢ o iron S0 O fy O
v © w T pipe CHY O Y Pen
pndls] o o LOL L S0
U © w oy Gen 0 NN
g« nE P EcifE~ 2000
@ Gl o o Bt ZO0H O S &
o ot £ 6 O A WOFH NP P
AT O oo AWOHT oy W
. ol
0 50 30X 50| BoX go | 33x42 | 2,050 §
85 6o box Do 0o X 102 Gox Go | 2,000 —
a0 70 Gox Go | 1tozx114 GoxX yo | 5,690 —
109 70 Gox Go | 114X 127 Gox 7o 4,500 —
120 So 70X 70 | 127X 140 606X 76 3,900 —
140 9o 8ox 8o | 192X 16D Box go 7,920 —
160 110 g0 80 | 170180 fox 00 {to,boc —
200 130 100X 100 | 210X 222 | 102X 114 {16,500 — |

- These flow rates are theoretical and vary
lwith the dnstallation: chardcteristics: . @

Pumps driven by a backup motor
when necessary

The piston rod of the pump
may be connected directly to the eX=-i: -
tension rod of the wind moter.by a
keying system which can easily be
disassembled, or it can be driven by
a- gasoline or electric ' motor ...’
a belt transmission sysfem using
reduction gears or a pemppetual
screw, two rods and a cross-plece
gulded by vertical rods.

EPUROETAN ey B Ty o S AT

Fig., 155. shows a few examples

of these mechanisms as designed
by Friedrich Koster, for two small
pumps installed on the ground and
pump heads for deep wells or drills.
. The two rods of the reduction gear

. ; R assembly need only be disconnécted
Filg. 154. Differential .14 yeyed to the rod of the wind
pump wheel.
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Another procedure consists in placing two pumps side by
side, as shown in Fig. 156 (Cyclone). One of the pumps 1s
driven by the rod of the wind motor and the other by an
auxiliary motor or transmission system; the latter is auto-
matically stopped and started by a float.

Pumps®driven by a rotating vertical shaft

The motion of the wind wheel is transmifted to a rotating /195
vertical shaft which is connected to a transmission system
enabling it to drive any type of pump. In this connection,
see Chapter 8., "Transmission systemsg"
. - T\

|

Fig. 155. Koster mechanisms for rod pumps

The foéllowing illustrations ofulnstaidlations of this
type are glven here:

Fh
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Fig. 157: two differential pumps for deep wells driven
by a gearbox wilth two parallelcteothed wheels, placed outside /196
the well (Adler Friedrich Koster).

Fig. 158% a three-
chamber pump instdllation
with plunging pistons for
elevating water to high
levels of 25-200 m.

Fig. 159: a rotary
pump installation
supplying 3-20 m3/hr, for
irrigation of coffee or
sugar cane plantations.

Fig. 117 shows the
drive system for a vertical
axis centrifugal pump for
use 1n deep wells.

To drive piston pumps,
in deep wells, the moving
head is frequently placed
at the well opening at
ground level and each
piston is activated by a
Fig. 156. Rod pump and electric rodet It is an advantage
hackup pump to use differential pumps

in this case, wlth the
A ] —— wooden rods floating in
: ' the water 1n the pump /197
chamber {(Fig. 154) and
requirring no guldance within
the well.

Pump driven by hydraulie
transmigddon at a distance

;

The Cyclone Company
of Compiégne has adapted
the Mengin "hydriopump"
to its wind motors. This
pump has a small pilston
driven directly by the rod
of the wind wheel, which
delivers water at high
pressure into a cylinder
containing another plston
which drives the piston

n
e \'.‘a'sz‘i....-ﬂ"!\a

o
%

BN W

Form i of the pump per se. The
4 Fr—— - transmissdon is hydraulic,
. consisting of two small-
Plg. 157. Two differential diameter tubes whose
PUmpS
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Fig. 159. Rotary pump

Horizontal or vertical length may be
as great as 200 m.

- For a description of this pump,
Fig. 158. Three- see Vol., 19 of our Encyclopedie

chamber pump 1in a - pratique des Constructeurs, pages 134-136.
well
Applications of "Aermotors™ /200

Community of Emanville

A wind motor 4.25 m in diameter
on a pylon 16 m high. Depth of well: 31 m. The water is
delivered to a 5 m3 tank mounted inside the pylon.

This windmill replaced a horse-gear which required work
by a man and a.herse for five hours a day.
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QUANTITIES OF WATER WHICH CAN BE ELEVATED BY "HERCULES™
WUIURBINES UNDER WINDS OF APPROXIMATELY 5 m/sec WHICH ARE
MESTIMATED TO OCCUR FOR SIX TC TEN HOURS PER DAY

Quantity of water o Height of elevation in m
ralsed in 1/hr (5 [10 |15 | 20]50 |0 ]50] 60| 75 100]
"'Diameter of wind wheel in m

il 400—500 214 - 3

; 15 2150 2140 215) 3} 3 3 | aule ;
i 600—7% 30 2350 2vaf 2%al 2141 3 |3 | 815 35| & | &%
Wf 800—1.000 2% 21508 13 {3 |3 |3%a |45 |
: 1.200—1.,500 8 |3 |8 |5 |34 |4 [4%5 |5 |
1.700—-2.000 3 |3 |8 a3t |4 akls |5 514
1 2.200--2,500 3 {3 |34 |45 |5 |36 |6
I 2.600—3.000 3 (3 [3%|a [a14]35 |5 [su]6 [6%
I: 3.500—% 000 3 |3W%l4 |4 ]5 |5 |3%|6 |6 7%
| 1
; 5.500—5.000 - At 4 | st 515 5%| 6 | e 7 |8 !
‘ 5.500—6.000 3% 4 [ 4%| 5 | 515( 6 | 6% v%ls8 |9

| 5.000—8.000 3tala |5 |5 |6 |61 5l 8 {9 |10

l 9.000—10.000 3la) 4ts| 5 | 514 64| 1) 8 |9 |t0 |11

.000—12.000 atil 5 [ 5%ie |7 |8 9 o [12 12
3.000—15.000 4 bs {6 |61 73le o (i1 [12 134
D00—20., 600 sty 5tal 6%l 7 19 40 {31 12 133415

5 8 |10

L000—25,000 11|12 [1314)115 |15 |

.000—30.000 5 | 64| 7| 0 11 1z j13til1s (15§ — ff
L000—40.,000 511 715 I

The farmers fill . their buckets at the . ~ tank, while
the excesswwater from the tank feeds a pond.

cospeJCommunity of Montchauvet (Sedne-et-Qise)

A windmill 4.90 m in diameter mounted on a tank 12 m
high. Depth of well: 43 m. Total = height of elevation:
55 m. Population: 250. Rate of flow per hour: 3,000 1.
Rate of flow per day: approximately 25 m3.

The windmill furnishes the entire water supply for this
community ten months out of the year (Fig. 142).
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. J 20 | 28 30 10 | Ly
L - 5
Wheel — t 50 : 60 70, | 80
iiameter: : Quantity lf ! —
) . ' - of wat P
5 : L , er raised
. 1, B e
2.5 m 9 :38 1 30” 450 251 200 ”1- in liters per hour
2 50| 1,000f 1,200] - 2 170] 15
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.5.m a! 45,0000 2,200( 2 N 500 4o 350 it 60 50
- 19 560| 15,500 s 2,000 1,750f 1 : 300 200
‘ 5. o m 28 000 P 1(3',50() 5,100) 2,700 5400 2“300 1,000 700 650f 450 ;80 1501 134
5. m o 3" 0,500{ 5,800 ' ,000] 1,300] 1. > 00| 350|800
: : L0 000] 25,000] 13,5 ’ 5,200 3,400] 2 ! 00| 1,000 850 ue
i5.0 m . J 13,5000 9,100 6,5¢ ,400| 2,600 2,000 1,500 700 6501 500
00 92 50 e . L] ‘J,.Jl)" 5.2001 6 1 ‘lj '1\"‘(’0 1 50
h.h m A LD00| 20,000] 13,00 1 a,200] 2,600] 2 ,250| 1,000} 804
-2 m 91,0001 40 ' 3,000) 10,500} 8 (600} 2,600) 2,000 1,7 ‘ o
6.6 m+ ’ 40,000 26,000] 17,001 ’ ,100] 6,000f 5,200 3,20 i 4700} 1,500] 1,200
SO mes 100,000 5 > 7,000] 13,000{11 ,200| 3,2001 2 0001 2 . 12000 1,006
6.5 m N 50,000] 36,000| 27,000 4 ) Jou| 7,800] 6,300 ) ,600] 2,400 2,000
N _ a0 060! 6100 Py 7,000] 22 014,30 3 4.6001 4, 000( 2 900] " 1 60(]
7.0 n ! b, 0000 47,000} 50,000 00014 ,300(13 500 8 a00| 6,7 ' : 2,800 2,650 2 ’!
[ I e ’ 40,000 35,000122 000 ,200] 6,700] 6,300] 5,500 5 } Gﬂ
7.5 m 195,001 78,0001 52,000] it ’ 000119 ,000{12 ,000| 9. 00 5,500} 5,0000 2 ?”
a0 ool va g L W4, 000} 35 ,000(25 . 4 4,300] 8,500 6 ’ . 4ot 3 91)0
8.0 m o 92,000 55,000 39,70 ) 25,000(21,000(13,0001 9,7 ’ RADIRUMULE P
. a2y 000{111,8 ' 39,700] 38,0002 e 3,000f 9,700/ 9,000 7,6 ; ! " B0iy
! 8.5 m 1 L8001 B4 000 4 ’ $2,000|28,000 (13,500 ' Jhol| b 400§ 5 (Jll |
| m 120 uil14¢ N 48,000 46 ,000{35 =% 5001110004 0 5007 9 ) 5,600 4 90u
19.0m" ,000[140,000} 78,000} 5: 0003560032 ,000]55 000|135 ' ;0001 7,306} 6,300 5
210, 000|186 * 4000 50,000 (36 vl Y 13,300{11,000(10,0 yB0) 5,800
10.0 m ! 000} ¢, 000} 67,5 (N [36,000[36,000|19,500415,50 ) 000} 9,400 7,200 1
wes bool2100 A 7.500] 57,000(42,000]: ) SHO0LLS 500 (1%, 000111 50011 4200} 6,600
11.0=m |, L000120, 000} 83,5 ’ o030 00|23 0v0]19. 150015, a1 ouo| 9,000 7,300
. : (100001250 . 00¢ .—’ , 300 60,000[49 50014 "% 0,500(15 Su0114 , 00012, ¢ T ,301!4
12.0 m ‘70:000 310,[)(}(; :33’00“ 120,000| 82,500 67 500 ;‘3{]’"" 30,000 123,040 20:000 6,800 ::123:: 1 0 9,500
L 0001200 ,000}150,0001105 ,000 82500 5‘(;' 00{37,500130,,500123,,000 20000 lﬁ’5 i 12,1010, 004
i i ———— ! ’000 !15}000 38:0“0 30,500 q’Q‘UU ¥ ) o 13"00 12?300
B o 2 24, 000[22,000 18,000 16,00[;
IS (S [ SN i

———




During two months, July and August, it 1s necessary to =i-. s -
use ./ an electric backup motor. Nevertheless, the saving in
fuel 1is estimated at 6,000 francs per year.

Since thewvtotal installation costs of the windmill were
32,000 francs, the community is making a considerable savings
on the amortization of the assembly.

Community of Sorneville (Meurthe-et-Moselle)

A wind«motor 4.90 m in diameter mounted on a pylon 24 m
high. The water is poured into a sump 1.50 m deep and delivered
to a tank located 650 m away and 33 m above the suction line.

This wind motor has permitted . virtually . complete

elimination of the use of a Zithpeelectrie pump operating seven
hours a day.

Elevation of water by the Boklée windmill

Results of tests performed in Frémicourt (Pas-de Calals)
on September 26, 1928

Diaméter of wind turbine: 7 m.

Three-chamber pump: 350 x 100.

Level of elevation: 44 m, taking the loss of head into
account.

Test No#adi(Bab554to 9:55 amm.)

Water ralsed.ee.eeeeennssenassns cerevesoB8.300 m3
Average wind..... et erenasssennssesad.32 m/sec
Minimum wind............ ... sesssreesreae2.30 misEC

Maximum Wind....seseerernneecennseoanasesT.10 m/sec

Test No. 2.(10:51-11:51 a.m.)

Water PaiSedeeeeevesn e eeeenenesnenensns 10.300 m3

Average wind......ecevnean f et e e 4,86 m/sec
Minimum wind....eeeninnernesoessnaesaensa3.00 m/sec
Maximum wind....... e ciess st ssaassT.00 m/sec

Test No. 3 (2:44 to 3:44 p.m.)

Water railsed.....ceeeus Gt eererereanaeeess10.880 m3

Average wind......... Perssssasssaeaaesss 4,93 m/secC
MIindmum Wind. e esetereinronenneenens .. 2.83 m/sec
Maximum wind ....e.veve.. treesrensassesss 0.83 m/sec
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Test No. #. (4:17 to 5:17 p.m.)

Water ralsed. .. e eeeeensseennaeenses 12.600 m3

Average Wind....eeee e vnersnnan Cees e . 5.43 m/sec
Minimum wind....... St e e et e s et 3.00 m/sec
Maximum wind......eueeeeesse. veesesserses .16 m/sec

These tests were witnessed by E. C. P. Engineers Courtot
and Ronfort, the originators of the water supply project for
the community of Frémicourt.

Results of tests performed at Marquion (Pas-de-Calails)
on January 31, 1929,

Diameter of wind turbine: 7 m.

Three-chamber Bollée pump: 400 x 85.

Level of elevation: 28 m, taking the loss of head into
account.

s - Test No. 1

Water raised....uvrieenennnnnenn 14.600 m3

Average Wind ----- LI I R I R A N R R ) 5. 05 m%’S‘eC"

Minimum wind.....vev... ceeseess 2.66 m/sec /202

Maximum wind....... oo irenuunn. 7.66 m/sec
Test No. 2

Water raised......... Ceeerenna..3.260 m3

Average wind.... ... vevieeereee..3.15 m/sec

Minimum wind...... feiresresnseas2.00 m/sec

Maximum wind.....evevevenvase.s..4.30 m/seec
Test No. 3

Water raised..eveeeeeas vherensaa21l m3

Average Wind..iiiveieeernnnas voo 5.76 m/sec

Minimum wind....vevveneerenensas 5.00 m/sec
Maximum wind.....vvvvvevenreen.. 7.16 m/sec

tuan rResults of tests performed at Blairville (Pas-De-Calais)
on August 26, 1930.

Diameter of wind turbine: 5 m.

Three-chamber Bollée pump: 320 x 80

Level of elevation: 55 m, taking the loss ofthedd into
account.
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Test No. 1

Water raised. .. voeeerenannnas 3.580 mﬁAsec
Average wind...... et neree 4.38 m/sec
Minimum wind....... teerenresns 6.33 m/sec
Maximum wind.....voeeuu.. ceee 2.33 m/sec
Test No. 2
Water raised....... cieeeveeae. 9.865 m3
Average wind...veieniiinennes . 6.33 m/sec
Minimum wind........ tereeranss 8.00 m/sec
Maximum wind....eeeeuwessns eee.. U.00 m/sec
Test No. 3
Water raised.....cvevsveeennes 5.939 m3
Average wind...veveevseeans... 5.8 m/sec
Minimum wind. cveveeeeeessas vee. T7.66 m/sec
Maximum wind.....cveveveenvsse. 3.50 m/sec
Test No. 4
Water ralsed..eeeeecseses. «eve. 3.580 m3
Average wind..... ceeranernaees B34 m/sec
Minimum wind........ cesierere. 6.16 m/sec
Maximum wind. ....cueveeeenenenn 2.15 m/sec

Assemblies used with windmills for irrigation and draining of
swamps

These assemblies, which are generally of extremely simple
and durable construction, are speclally designed to handle
large quantities of water, several thousand cubic meters per
hour, rafsedoto a low level of only a few meters. The most
frequently used assemblies will be mentioned here.

Inclined chain-pump (Fig. 160)

This type of pump consists of a series of paddles a%fached
to an endless chain, moving inside a wooden or sheet metal /2081
channel or trough forming an angle of 30-40° with the horizon.

The height of the paddle should be between 1/2 and 4/5
its length; 4-5 mm of play is left between the side edges of
the paddles and the trough. i

The sp%hing between the paddles 1is one to one and one-half
times thelr height and their approximate rate of travel #&s

1.50 m/sec.
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Efficliency approximately
60%.

Vertical chain-pumps, norias,
and bucket-chains

These assemblies are
suitable for elevating water to
levels of 5-30 m. In all., the
chain~pump assemblies, the flow
rate per minute is equal to the
gquantity of water carried by a
paddle or bucket multiplied by
the number of paddles passing
peint & or g in one minute
(Fig. 161).

Fig. 160. 1Inclined
chailn-pump. Paddle wheel (Fig. 162)

These elevating wheels
operate in the same way as an inclined chain-~pump, but their
paddles move in a circular channel. The efficlency may reach
82% and is estimated to be consistently higher than 75%; the
amount of water ralsed mmay be as muchaas several thousand
cubic meters per hour. The peripheral speed of the wheel should
not exceed 1 m/sec. The water can be raised to a level of
3-4 m, with the diaméteruéf the wheel to the ends of the paddides
being 2.5 to 3 times the -leveliof elevation of the water.

brum wheels (Fig. 163, vertical cross section)

This type of wheel consists of two wooden or sheet metal
discs with several helicoidal partitions between them; the /204
water leaves the wheel close to the shaft through outlets
machined into one or both of the discs. Maximumcéffilciency is

82%.

Debauve mentions one of these wheels, 10.50 m in diameter,
raising 10 m3 of water per minute to a height of 4.60 m.

J. Claudel mentions one assembly 7 m 1n dlameter and with
an internal width of 1 m, with two spirals, dipping into the
water tgo a depth of 1 m and operating at 10 rpm, which raised
2,400 m3 of water per hour to a height of 2 m. The designer, /205
Cavé, has deslgned several large drums for drawing water; these
‘have. four- partitions forming anArchimedes' spiral or two partitions
‘whose turns approach the center more rapidly than:im an Archimedes!
spiral, with the result that the surface of the trapped water
is constantly tangent to the upper turn.

The more the drum dips into the water, the greater the
amount of water raised.
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Fig. 164 shows a
drum wheel 5 m in diameter |
elevating 2,000 m3 of water /206
per hour to a level of 1.20
m, connected to a Cyclone
wind motor. The wind wheel
is 12 m in diaméter and is
installed on a pylon 10 m
high.

Archimedes! screws

Archimedes' screws may
be used to advantage for
raising water by windmills
when the dlfference bebWween
the downstream and upstream
levels does not exceed 3.50
m,(draining of swamps or
irrigation).

The table below gilves
the diameters, speeds, flow
rates and power consumed by
the assemblies constructed
by the Lykkegaard Wind-Mill
Manufacturing Company. These
were bullt up to a diameter

of 2.5 m for a flow rate of
4,000 m3/hr.

Fig. 165 shows one of /207
these screws driven by a
vertical-shaft wind motor.

Here the axis of the screw
makes a 30° angle with the hori-
zon, but.- this may be as high

as 45°,

The constructors state
that the angle made by a
tangent to the spiral of the
screw plotted on the core
with the generatrix of this

core or axis ranges from
45-60°;

Generally, three parallel

and equidistant spirals are placed on the same core. i

Some designers replace the cylinderscompletely enclosing
the spiral, termed the "barrel," with a fixed semicircular
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cement masonry or sheet metal
channel,

J. Claudel gives the
followlng results obgained by
Lamandé with an Archimedes' screw:

Lengtheuof screw....... 5.85 m
Outside diameter...... 0.49 m
Angle of shaft _
with horizon...... ve 359
Rpm of screw.......... ho
Level of elevation
of water.......... e 3.50m

Amount of water

raised per hour.to. 3.30 m:
Fig. 162. Paddle- 45 m3
wheel (See Fig. 5)

e e——— S T
-HKpm- Flow rate ﬁoyﬁro%n o
in elevation
m/sec of water
110 . - a1 0.
83 ' 6 . o.g?
72 53 I.22
62 . 74 : 1.68
55 98 2.21
fo 126 2.84
42 175 3.90
, 38 219 . 4.73
35 252 5.63
32 296 6.62
3o 344 7.65
28 304 8.95
26 448 ~ 10.00
24 5 507 iI .3e 1
23 568 12,63
22 | 634 14.15 .
a1 Qo3 ' 15.60 )
20 770 17.15 .
19 346 18.8%
18 930 ' 20.60
17.5 1,010 " o22.50
| ]
ORIGINAL PAGHE 1§
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The speed of 40 rpm is too /208
low for the efficiency to be very
high. This screw was driven by
two crews of nine men..each working
in two-hour shifts, and the work
performed . ~“per man was 16.50 m3
elevated to a helght of 1 m.

According to the Danish table
glven abéve, 1f the rotation speed
had been 80 rpm the yield.
would have been much higher.

The Etablissements Chéne of
Salnt-Quentin have prepared the
. following table for railsing water
Fig. 163. Drum to levels of 1, 2 and 3 m by
means of an Archimedes screw and
a wind motor,

Ipiameter Flow rate |[Wheel diam. required ror
| .of in elevation to a height ofif
 screw’ 1/min o .- o
1 meter |2 reters|3 meters |
0.35 m 1,000 b.00m | 5.00 m| 6.00 m
1 0.40 m | 2,000 — 4.50 m | 6.00 m| 7.00 m|
iU.50’m 3,000 — 5.50m 7.50 m}] 9.60 m it
1 0.60 m 4,000 — £.50 m| 9.00 m{10.00 m|
0.70 m | 5,000 — 7.00'm10.00 m|11.00 m|
080 m | 6,000 — 8.00 mI11.00 m|{12.00 m
0.90 m 7y900 — 9.00 m |12.00 m ] !:
1.00-m 9,000 —  110.00 m| > » |
1.20 m 13,000 — 11.00m » » l
1.40 m | 18,000 — [12.00 m| '» " 1
I
‘These flow rates, furnished by the designerrof the /216

Agricco assembly, are almost double those of thin-bladed windmillis.
We are reproducing them here without any guarantee of their

accuracy.

Automatle regulators with float

These assemblies are used in some water-drawing installations
to step the wind motor, and the pump as a result, when the
tank is full. A wide variety of devices may be used forthis..., .
purpose; the féddowing discussion will include two which have
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Fig. 164. A drum installation

: a. Welr

Fig. 1654  jAréhimedéslserew with winch to vary
the level of lmmersion, driven by a universal joint

/205
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MANUFACTURERS' TABLES ON RAISING WATER BY WIND MOTORS

COMPARATIVE TABLL, PREPARED BY THE AERMOTOR COMPANY, OF THE COST PRICES OF MOTORS
DRIVING A PUMP WITH & FLOW RATE OF 2,000 g/hr AND OPERATING 8 HOURS PER DAY
TO FURNISH A DAILY FLOW RATE OF 16,000 ¢ (HEIGHT 30 m)

1 hp explosion day year 1 hp electric day year AERMOTOR year
engine motor 3.65'm in
diameter

Motive power 1/2 ﬂ gasoline/ 8.6 hW/hr,

hr/day at 2 -2 ¢ that is

"F./R 8.00 2,920 68.8 hW for

8 h, at 0.175
B 11.94 4,358 Wind 0

Lubrication 1/15 @noil,

that is, 8/15ths o

for 8 h at _ 112 2 at

5 /R 2.66 970 6% at 6 F _ 36 - 5.60 F 67
Labor Starting, Starting, o

stopping, stopplng, 011 change

supervision . supervision. - once a year

1 hfat 2~ 1/2 h at -1 hat 2

F_./h <2 730 2F/n 1 365F/h- - 7
Malntenance
and repairs 150 75 25
Cost price
per year 4,770 ‘ 4,834 94

This 1s not to mention amortlization, which for the Aermotor is completed
in a few decades
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COST PRICE TABLE, PREPARED BY THE CYCLONE COMPANY, FOR THE ELEVATION TO A
LEVEL OF 25 m OF 10,000 % OF WATER PER DAY, THAT IS, 2,000 %/hr FOR 5 h

Motive power

Lubrication

Labor, &tarting
stopping,
monitoring

Maintenance

Electric motor

per

day yeam>

1/2 hp, or
400 W for

2 kW at
l ] 50 F-'

4 g oil
at 4F

0.50

Total per
year

Gasoline engine

per per
day year

per

1 hpy that is,
1/23f gas ./h#,
for-5-h,;1-1/2

1,080t 2,507 4,50 1,620

)

1/3 % oil

16 ag=41 -~ 3 1.20 432
2/4 h at
180 2P . 1.50 540
40 150
Total per
1,316 year 2,742

Cyclone wind motor

per
year

10 & oil
at 4F.. ; 490
0il change 6
50

Total per year 96



WIND MOTORS DESIGNED BY HENRY OF BOULOGNE-SUR-SEINE
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GENERAL TABLE oF ﬁLOW RATES AND PUMPS TO BE USED WITH EACH "AERMOTOR"
- ‘ -DEPENDING ON THE LEVEL OF ELEVATION

5 #nvd TVNIDLHO

1. 85 m 2. 45 m _[3.05m ]3.65m  _[4.25 m 90 m

. Teveld Aermotor |Aermotor |Aérmotor Aermotqik"VAermSFoiJ " Aermotor |

of YRR g_g : g-g cx"g % | a e Eg ol 5.5 %ﬁ;

. g | bl G £y P [ Ty o) % . ) " ey

elevation [ :::*E% ‘;35 wzgg GJQE RO GJQE RN dL'):QE Q);LE S8 |EEel8 — Bof IS R
in meters [TP5 A, ?ﬂﬁ@:ﬁﬁquﬁg ﬂg‘zﬁﬂi ﬁa §H3 e 'dmgg

S e S [ B A Bl |2 5 fhegas |4 |[$As 8 5
Sodda Eed SO0 S Dol [t P A 1 10 o 0 Ol iy

H] o 100 (50 /60[2.300] 120 60 {70 4.353“ 150 [80/90(9,330] 200 [to2 [LI4[15. 000] 250 (250 23 4060 30 [ 30, 000

<10 : 70 {40 /49[1.100) 80 j40/49[2.450] 100 (50 /60]3.700f 10 | 66 76 F 6ot 155 2 fta|1hann| 2w TRl L8[, o

15 60 |azsae| soo] 63 |33/42(t.400] 80 [se/a0|2.350] 110 | GujF0 | A.G0up 1301 6630 ) 62000 178 HIN2ALAI10.G00

20 50 |3g742] ss0] G0 [33£52(1.2001 70 |3ags2(1.800] 100 | 50/60 1 38060 b0 G0 /20 | 44500 150 | g0 ka0 | 70600,

25 60 143 f22]1,200 65 33 /52(1.5650] w0 | 3060 | d.ooef 110 1 A0 70 | A ha0p A0 BLGD ) 6600

a0 50 {33/428 830] 60 [33/42[1.3000 ®o | 40/49 | 2500 100§ A0/50 | BI00F B3 ] TRl 5.700

35 50 {60/70] B3c|l co l72/82(1.300] 70 | somo | 1.ne] a0 [ta2aia] Boonol t20 1277150 4600

40 40 [s0/60} 530] S50 {sog70| wre| o3 | tese2 [ 1.6ne] w0 {102 2014 Zoo0u] 1o (027 0500 4RO,

45 50 {60 70| 920§ 65 | 7282 | L.6on] 80 | S0;taZf 2.ase| tee 137140 4806

50 - 40 [s0/m0) Seel oo | 72/82 | 1.300] &0 | 07102 2.3500 110 11277150 4,000

60 50 | 6¢ /70 sl 70 ] 800 | 1.800f 110 |15 27| 4000

70 .- 50 | 60470 gs0] 65 | 72782 | 1.550] 100 jO15/127) 300

80 " |Deep weld 40 | 30760 conl 60 | 6676 | 1.900f 9o [iaz/nis| 2 7e0)

90 P . ‘ 60 { 6676 | 1.3007 ®o | d0p102( 2,150

100 50 | 6070 9201 &0 | onjin2| 2,150

120 A | 5660 seel 0 | gojon | 1,650,

14l 60 | 66426 [ 1.200]

160 56 | 69/70 31%

"EIFTVAD 900d 40

¥Periods in this table should be read as commas. -~ Trans.

The above table shows the approximate flow rates for Aermotors under winds
of 7-9 m/sec.

The cholce of pumps should be made in conformlty wlth the data given abdve.
Never use piping with a lower caliber than that Indiecated. Por Zevels of
elevation higher than 35 m, use special pumps for deep wells.

cTe/
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TABLE OF AVERAGE FLOW RATES IN 53/1'1 OBTAINED WITH FIVE TYPES OF
~ LT “"AERMOTOR" IN 7.m/sec WINDS

Level of elevation

0
TYNIOTE0

£3rvod §00d

Bty B R N e —————
% E Diameter . VR NN SR I I bpor b ' '
= ‘ . of turblne; ;m; O e ml Q‘@im | e Eoi'm i
Lo B N |
i , : S Vo

!22.45 m Z 4;850 " 2,150 | 1,/,001 . I%,zDOE : 8'30%‘{ ‘

L | " '

%3-.[]5 m . 8,35 | 3,700 . 2,3503_ [i’ Snok"' I ,1300% 930

; ‘ . 5

‘!3165 m s 13,200 0,400 :i,Gf.n: ' 3;356; 2',400 1,600 | i3cn(i)i

' | . . . . !

{Ll;i.25 m o : 28,100 Jn,.’inr) 6 )Ju} .1?,’,505 3,700 3:_,000; 1!‘3‘;»0:

iul.EQU mo_ { 3o, 000 Il 3,000 iu,.’iuul% 7};600; 5,7005 4,800 2,700

| - i g— —_—ut el LI




ARPROXIMATE FLOW RATE OF "AERMOTORS™ IN
m3 PER DAY

(ﬁe@i@f”_ Diameter of turbine

. eleva- : - y
’Etion" P45 m 13.05m [3.65m {4.25m | 4.90m H
| g
| ;
f 2.50m | gom® [ 138m? [ogom® | j40m? Goom?
g : 580 m 45 m3 =g m3 143 m? 220 m? Joo m® E
4 10,90 m 20 m? 353-m? 61.5 m3 105.5 m3 130 m® |
F15.00 m} 3m® {22.5-m5 | 45 55 m? g9 m*
' 30;9;0% m Smd [12.5 m3. 23.5 m3| S5md 55 m® |
fBo.00m|  ~— — | 65w

QUTRUT OF HORIZONTAL~SHAFT WIND MOTORS IN
10 m/sec WINDS (AFTER PLISSONNIER)

Diameter

of

turbine

WU & R W

g
(=]
o
=

T
3
+ g

Power
in
hp

1/8
1/4
1fa
3/4

I1f2

2 14
41fa
5

Quantity of water
raised to a level
of 10 m in m3/h

s

0,500
2,000
3.200
4,500
§.000
15,000
25,})00
40.000
47.000
55.000

64.000

i



TABLE PREPARED BY THE ETABLISSEMENTS CHENE OF SAINT-

QUENTINMGIVING THE DIAMETERS OF "ZEPHIR" WIND MOTOR

WHEELS WITH DIRECT TRANSMISSION TO A PISTON PUMP BY
ROD AND CRANKSHAFT

—

Fotal level of elevation of water

}
— nrn 1
@ 510320 |astsofas]e|ss]s0]lss 60%
1 S R O N i
j! 62 o3t 3 s fpslals| s lssis5]/s5]as aﬂ
i} 70 00|3{3 |3 |3]|3]|3|35|0s 35185 | 4 4
I‘I %0 1200 | 3 | 3 (853505 414 |2 |a 4545 :,?
15 100 1.500 | 3 |35135}35] 4 | 4 |45]65|45|45| 5 5i
wilasl s | 5 |56 ;Eﬂ
5 [asf55]6 16 ;E@

The data in this table correspond to wind speeds of 4-5 m/sec,
whirthearerthe most frequent in occurrence in northern France.

APPROXIMATE FLOW RATE OF WATER PER DAY FURNISHED BY
"AGRICCO" THICK-VANED WINDMILLS

i m— et e ey e
1;@??1 Type and diameter- of--'Agriecco™ turbine

felevation . — v e ‘
f T RE T S A-2 A-3 At A-B AG
sm 1 6.50 m 7.70 ml10'm | 11'm | 12.50m
m {1,140 m®2.000 m®[2. 880 m34. 000 m¥G. o000 m? 9.600 11"
m |}.Hyomdiroooom?t. 446 3]s, onn md| 5. 000 m3|4 . Soo 1w
SO ) 280 m® Deom®| 720 mPli.ovo w1500 mP|z. foo mP
m- tgom” 330 m?  ABom®l  66o nd|1.ovo mE1, Boo m
m 100w 17omd3| 240md| 330 m¥ Hoom? Soom?
M Gom? 10omd 1Gom? 200m¥ Jeom® 480 m?

1

[In botﬁgfhe above tables, periocds should be read as commas
and commas as periods. -- Trans. ]
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been described to us by Goold Shapley and Muir Company, Brantford,
Canada.

1. Regulator with mechanical transmission (Fig. 166).
A falrly large and heavy float I dips into the water tank b.
Through cables and a return lever 1, this float communicates
its motion to a catech which locks into a rachet-wheel v when
the float f is lifted by the water entering through the top of
the tankibb. When the catch and the rachet-wheel have locked, /217
the lever u, which is connected by a cable to the rod t of
the pump, activates a sort of ddifferential pulley bearing a
counterweight;)p and a cable h which keeps the wind wheel facing
into the wind.

The cable h goes slack,
the wind wheel is turned
aside from the wind, the
counterweight reascends and
the windmill stops. When
the water drops in the
tank b, the float descends,
the rachet ¢ releases and
the weight p tightens the
cable h which faces the
wheel into the wind once
again.

2. Regulaftor wlth
hydraulic¢ transmission. The
regulator described above is
41 easy to 1lnstall when the

T water tank b#is a small
distance from the windmill.

! - However, when the two are
separated by a large distance,
it is preferable to use the
regulator with hydraulic
transmission shown in Figs.
167 and 168. The delivery
pipe of the pump ¢ (Fig. 167)
ends in a water inlet pipe

| ¢ leading into the tank b

; (Fig. 168), which is closed
by a clack-valve z when the

Fig. 1§6‘ Floatks water reaches the top and

mechanism raises the float f. The

pipe d screwed into the assembly

at s, at the bottom of the

tank b, 1s the outlet pipe for the water supply.

—
’

200



Figs. 167 and 168. Hydraulic regulator
manufactured by Goodid Shapley and Muir.

On the delivery pipe ¢ close to the pump there is a valve
V controlled by a piston activated by the water pressure. This
valve is kept open by a counterweight p with adlustable lever
and a cable k.

~
Mo
[
(@ a]

|

When this valve is 1n open position, the weight p pulls on
a cable h which keeps the wind wheel facing into the wind.

If the float f closes the water @nlet to the tank b, the
pressures increases in the delivery conduit, the piston of the
valve B pulls on the cable R, which draws up the counterweight
P and slackens the cable h, and the wind wheel is turhed aside
from the wind.

At s (Fig. 167) there is an automatic safety valve to prevent
any excess pressure in the piping c.
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Chapter 11

THE PRODUCTION OF ELECTRICITY BY WIND MOQTORS

An installation used for this purpose will include: /219

1. A generator, which may be placed at the top of the
pylon and driven directly by the shaft of the wind wheel by
multiplying gears, or may be placed on the ground and driven
by a rotating vertical shaft and gearbox on the ground (see
Chapter 10, "Transmission Systems").

2. A storage battery operating in parallel with the
generator, whose capaclty in ampere-hours is 5-10 times the
normal amperage of the generator.

3. A circult breaker which connects the generator with
the battery when its speed indicates a higher voltage than that
of the battery, and breaks this circuit when the speed of the
generator produces a voltage below that of the battery.

. A regulating device affecting the excitation of the
generator by the addition or withdrawal of auxiliary resistors
on the inductive circuit. This device is absolutely necessary,
since the rotation of wind wheel is extremely irregular at '
times, and if one were to plot a curve for the current produced
1t woeuld show a number of peaks.

Later on we will describe the regulators manufacturéd by
the Société pour 1'Eclairage des wéhiciiles sur rails [Rallway
Vehicle Lighting Company] and the Compagnie Electro-Mécanique.

5. The usual safety and monitoring devices: voltmeters,
ammeters, lead-fuse circult breakers, switches and an electric
meter (opt&onal). The following discussion will give the
recommendations of various designers and the tables which they
have prepared to obviate the need for complex calculations by oo
installers.

Generator

An ordinary shunt gemﬂ@mormX’cOmp@Hﬁ[gaxﬂﬁtor_may be used Wwith
the wind motor, provided that the former are equipped with an
excitatlon regulating device, types of which will be described
later on. Excellent results, such as regularity of battery charge,
will then be obtained.

Also used are self-regulating generators designed on the
same princdples as the generators used to charge automobile
battéries. In the case of the American type of wind motor, with
a multi-bladed wheel, operating under wind speeds of U4-10 m/sec
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and turning aside from the wind when this. speed increases, the

apeed varlations of the generator are much smaller than in an

automobile, where the engine operates at between 300 and 3,000
rpm.

§ FARACTERISYIGUE DE LA CEMERATARE
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Figs. 169 and 170. The Paris-
... . Rhdne generator
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+ brush

Ayxidiary brush

Grounded brush
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Characteristics of GS1E
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Key:
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Thus ;it has been possible to attain satisfactory results
with self-regulating generators.

Figw 169 gives a schematic diagram of the Paris-Rhéne
generator. This is a shunt generator with self-regulation by
distortion of the magnetic field by means of an auxiliary ex-
citation brush.

It consists of a magnetic yoke C with induction poles P
around which a fine-wire excitatilon circuit is wound.

An armature D supports a cédl whose conductors are welded
to the plates of the collector, on which are mounted two brushes
Bl and B2 which collect the current induced in Phewuddil, The
auxiliary brush, at which the excitation circuit begins 1s at
B3, This brush can be lagged to adjust the operating conditions.
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Automatic regulation. is. obtained by means of an auxiddiany
brush B3, which powers the excitation winding, whiech in turn
affects the magnetic field.

Fig. 170 shows the curve of the current produced by the /220
generator at various speeds.

Determination of the capacity of the storage battery

The capacity of the storage battery should be adequate to
ensure aalargeaenough supply of electricity to meet the needs
of the installation for three or four days during a calm.

The number of horsepower necessary may be determined by
the formula:

Number of horsepower = 0.0012 x number of lamps x number of
candlepower per lamp;”

If all the lamps do not have the same candlepower, the
following formula is used:

Nﬁﬁbef‘b%wﬁdﬁéébower = 0.0012 x number of candlepower used
simultaneously.

All the lamps powered by a given installation are not
on at the same time; generally, oniy one third to one half
of the lamps wikl be on at once.

The number of ampere-~hours of the battery may be determined
by the fellowing formula:

Amp=hour = 15 x number of lamps illuminated x candlepower/damp
0. Voltage of current for Iamps

or
amp-hour = 15 x number of candlepower used simultaneously wwexs

Voltage of current for lamps

Example: an installation has 150 lamps of 25 candlepower;
50 of these lamps are assumed to be on five hours per day, and
the voltage of the current is 110 V:

1. hp = 0.0012 x 50 x 25 = 1.5 hp

2. Dlameter of the wind wheel,uafter Table E: 5 meters,
This diameter is determined for the minimum usable wind speed,
that is, 4-5 m/sec accordingito Table E below.

3. Output of generator: 110-160 V = 2.5 kW.
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4, OQutput of storage battery: 60 cells generating 110-
125 V.

ampere-hours = 15 x 50 X 25 2 {%§ ampere-hours
110 '

(after G. R. Herzog, Dresden)

Sdchsische Stahl-windmotoren-Fabrik, G. R. Herzog, Dresden

TABLE E. PRODUCTION OF ELECTRICITY

{piam- {Qutput in hp under, Outng"éESEégéW"
deter ‘|2 wind speed ofi of battery
i , in ampereH
'of 18 genera- |
t hours .
jwheel 24,5 6.7 |8. m/sec tor R
jin m Im/se m/sec
4 1 2,33 3.5 1.5 kW, 73
5 .65 3.75 3.50 2.0 — 73
6 2,33 5.2 8 3 — 109 i
- 3 ] 11 4.0 — 143
. & 4 9 13 6§ - 181 l
f 9 5.25 11 19 6 — 218
i 10 6.25 13 21 9 — 290
L1 7 .50 16 24 9 — 290
12 9 20 26 12.5 — 363
' 13.5 12 25 39 17— 435
. 15 ] 32 45 21 —-_— ~ 508 I:

The Vereinigte Windturbinen-Werke of Dresden recommends the
follewing relationships between the diameter of the wind wheel
and the generator output for voltages of 65, 110 and 220 V:

Wheel diameter Generator output
4 and 4.5 m 1.5 kW
5 to &6 m 3 kW
6.5 to 7.5 m 4.5 kw
8 to 9 m 6 kW
10 to 11 'm 9 kW
12 m L 12.5 kW
13.5 m 17 kW
15 m 21 kW
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This company uses an automatic battery-controlled circuilt
breaker. A photograph. of this device 1s given in Fig. 171, and /223
the diagram 4n Fig. 17la shows 1its connections to the battery
and the generator (Liebe gystem assembly).

['TEX K] Of.l
h Batter

. v b o =+ ﬁmmnmmmmﬂwf
o t' l—Ewi -

Jo 4  [E o 3 + 2 d

e ‘:{ 33 | C ] ) Oynemo

‘. ] Ammg L A
: IS - cT
] ]

Fig, 17la. Connections of
the Liebe circuit breaker

Key: a. Battery

E.‘L A TSR
,

——l | b. Cell
¢. Automatiec unit
Fig. 171. Liebe circult breaker d. Generator
EFFICIENCY IN HORSEPOWER (hp) AND IN KILOWATTSHEEW) /224
[—rer—ea - e e ——————r e — rr—— .
Wheel_. Wina-speed in m/sec |
sdlam— : N '
eter in 4 5 6 7 8 9
jiH
\ y | .
; .o hp 0,7 lsfl 2.-"; 3.83 3.7 S:I
I 5.5 . - - :
g KW | 0,36 | 0,73 | 1,25 2.0 2,06 | 4,23
hp 7,0 2,0 3.4 5.35 1 8.0 11,4 |
6.3 i
: kW 0,02 | r.04 [ 1,76 | 8,0 4.2 6,0 |
[ o 1,33 | 2.6 | 4.5 | 5,05 | 10,6 | 15,1 |
: 79 . i
! xW' 1 .60 | 1,35 2,4 3,7 5.5 78 I
GE ' . hp 1,7 3.33 5,75 | 9,10 13,6 19,4 !'
PASC . ° 88 3,0 5 o1 zoxl
(ﬁﬂﬁﬁﬂhlldp : ]L—r kw ) e, 1,7 , 4,7 7 ) ;
VR | 'l 2,36 4,64 8,0 12,7 | 19,0 | 27,0 |
o8 ¥ e | f
) % kW | ty22 ] 2,4 | 4,15 6.6 0,9 14,1 1
i‘T , .hp 3.4 6,7 | 11,5 18,3 | 27,3 39,0?
g2 A X
P ¥W 11,76 3,5 6.0 Q.7 | 14,1 20,05
i _ ‘hD : 5,34 | 10,8 1 18,0 | 28,6 | 42,06 | 6o,0 }
19 "
! kW 2,8 5.5 9,4 15,0 | 22,0 | 31,4 i
' SR sSSP N [ S K

iAll commas in this table should be read as periods. -- Trans.)
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Adler wind motors used to. generate electricity

fﬁﬁheeﬂLGener_j‘Battery&veragg-no. Joutput in np of |
fdiam="Tator | output, pf 25-candle jan electric motor ||
|bter;;"@ut_ -Hn a%p;;Pfgggtga@ps_‘whlch could be. ‘
in 1gt®d = | __powered - |

; ] g _amd 516 +~a +— 1 c {

Columns a correspond to low-speed, irregular winds,
b to average wind speeds and ¢ to extremely highwwinds.

The cutput of the batteries is assumed to be one fourth
thelr total capacity in amperes-hour.

] The voltage of 32 V applies to extremely small installa-
tions; for larger cnes, the voltage will be 65, 110vor 220 V.

Circuilt breakers

Pig. 172 shows the basic structure of one of these
devices: an electromagnet a supportssa thin-wire coll 1 which
1s constantly traversed by the current from the generator and
a second coil 2,with only a few turns, to which the charge
current for the battery passes when the mercury switch (or
another system) g is closed.

When the generator reaches a sufficient speed to produce
a suitable voltage for charging the battery, the electromagnéet
attracts the soft iron vane % with an articulation at f and
regulated by a return spring r.

At this pecint the contact g closes, circuit 2 charges
the battery, and its winding on the coils of the electromagnet
increases the attraction of the vane £.

When the voltage of the battery b becomes higher than that

of the generator, the current changes direction in circuit 2,
which places the two windings of the electromagnet a in
opposition. The vane %, which is no longer attracted, is
returned to positior:by the spring r and breaks the contaet g.

A spark arrester k, wlth a resistor r,sserves to decrease
or eliminate the current-interrupting spark at the switch.
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CHARACTERISTICS FOR THE CONVERSION OF WIND INTC ELECTRICITY, AFTER
FRIEDRICH KOSTER OF HEIDE VON HOLSTEIN

=,

Fujﬁb_ef;é:ﬂ Out_ l.iﬁ A _.A_. . ———— e e ——— A —— ~ ) e ——y— _. - . e
;25_‘0311&6015'-“?@1_30? Storage battery Ge . E%am | Proguction of wind i{
;power . |which _ _ nerator Ndler . tUI‘b:l;rle_l_n‘l{Wh: L
| zil_amps _jean bed _— e . fpy 2 !
[l ltmtralPOWerSd o, |imperdian | heel | - |
ted_  lbatt. fopfof -hours| .. |Volts |AmEid-kis finm | per per yeal
10 h: nplcells ' pereg day T .

r' 15 o.4hp 0h 36 & 110150 7 L0 £.5 a6 1,000 = 1,800
: 35 o.Bhp ah 73 8 110-150 18 2.5 n.h 7 _ 2,100 T 3,000
‘ Go 1,20 Hp- Hh 109 I 110-150 27 4o G H =14 3,000 = {,,nno"i
il 8o 5o hp' bb LPAT 1h 110150 306 b/ 6.5 10 — 14 00 = 4 soo
i 120 5 hp bh 131 20 110-150 4D 6.7 7.5 15 — 8 hyro0 = D4o0 :
A 150 2.0 hb 55 21§ 24 110-150 o 0.0 8.5 1R — a4 Hydon = 7,200 ]
: 150 2.% hp. 110 109 24 220-300 30 TR .0 18 = 24 5,400 = 7,300 -
200 3.5 hp hh 200 52 1Lo-150 o 9.0 8.5 18— af Byquo — 7,000

200 [ 3.5 hp- 10 1AD 3o 220-300 30 0.0 8.9 18 = af Djun =~ 7,200

z2ho 4.5 hp. 65 363 Ao 110-15H0 80 i 10 ah — 55 7,000 — 10,000 '

abo 4.5 hp 110 181 Lo 220500 A0 12 ko, | 20 = 35 7,000 —10,000

S00 6.b hP 0h ABH AR 110-150 100 b 160 ah = 35 7,000 =10,000

Joo 5.5 hp 110 218 48 | 220-%00 Ho 1H 10 2 = 53 | 7,500 —10,000

400 75 hp 110 210 64 | 220-300 6o 18 12 | 33~ 48 | 10,000 —15,000 i
Goo | g hp- 1o 563 80 220-300 .. 23 T 53 = 4R | 10,000 =1d,000 {
j |
i b L oo LI . |




TABLE PREPARED BY THE ETABLISSEMENTS CHENE OF SAINT- v /227
QUENTIN GIVING THE CHARACTERISTICS QF GENERATORS AND
STORAGE BATTERIES FOR THE PRODUCTION COF ELECTRICITY
BY THE "HERCULES" WIND MOTORS WITH ROTATING VERTICAL
SHAFT TRANSMISSION

b e,

time for - v . h 7 9 |12 ] 16 | 22 | 30
?%ﬁggﬁtiﬁ I?l-f drive. .- 3,50 4 las0] 5 [550] 6 [650
Maximum output of

gererator in W 350 | 500 | 800 |1,000{1,200(2,000{2,500)
F ES l%gtg 3 Ngg]bl fg'.Of '- 15 | 14 [ 14 | 30 | 30 | 60 | 60
gbattery ‘ Capacit%:hﬁ .

1 aperes-h 73 | 145 | 181 | 109 | 145 | 109 | 145
'P%._ qﬁﬁ_ «.t!:“"‘-:jé"-mi}’-:s‘_}é"i wind |05 { w60 | 075 | to0 | 1,25 ] L350 | 1,75 | ¢
gngsa?f%f6b7 m/sedl windg {120 1,60 | 2.00 | 250 § 3,00 | .00 4,50
ldrivenmteel | 8. m/See wiind |80 [ 2.40 § 3.00 | 4,00 | 5.00 | 6.00 | 7 00

The figures in thils table apply to a wind motor
operating approximately seven hours a day at an average wind
speed of 5 m/sec.

TABLE OF OUTPUTS OF ADLER THICK-BLADED WIND MOTORS

Experience wlth light power plants has shown that only
about one third of the lamps in the system will be on at the
same time for four to five hours per day. The following figures
are based on 2b-candlepower, 30 W lamps.

B PO | Total number |Number of
;Diameter |output of for ams in %%mpsqgﬂ%l:"
o] ~ lgenerato network . ALANeONS
windmill | © v i edcti oay

' 3.05 m 500 Wil 50/60 320 |
- 3.65m - goo —- ' 8ofgo 25t033 i

- 4.25 m 1,200 — 120 App_l’é}i. 490

- 4.90 M- 2,000 — 160 Approx. 60

A schematic dlagram of ahcircuit breaker designed by
Professor LaiCour 1s given in Fig. 173, afiter a sketch by
Commander Riet: mn is a horseshoe magnet able to pgtate on = .
& shaft 1 and whose poles n may be drawn, elther to the right
by electromagnet ep or to the left by electromagnet eq. K1ko
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is a horizontal copper rod with iron tips at its ends; one of

these tips, k., constantly dips into the bucket g, and the other,
ko, dlps into bucket g» only when the pole n of t%e magnet 1s drawn
to side ey -

The current

i travels at all times
z from a to b, the
terminals of the device,
through the fine wire
coll ss, and, when
"tip kp dips into
bucket 82 the
current Is transmitted
to the storage battery
through the heavy
wire codil zz. This
oeccurs only when the
voltage of the
current from the
generator 1s greateriiivi
than that of the
storage battery.

TIIX:

-s
R0

:
i

;..F:m,'“ilillllil\lmm\ﬂ—;

Flg, 172. Diagram of an Polarized circult breaker
automatic circult breaker

Shown in Fig. 174,
thls device contains
a solenoid whose
core E has an armature
with two branches BB

shifting bétween the
poles of two permanent
magnets A, A.

The solencid has two coils:
one of fine wire, D, whose circult
includes the storage battery and the
generator armature, and the other
of heavy wire, C, which i1s placed in
seriles connectiocn between the g
~generator and the battery when the
circuit breaker is closed at H'.
When the generator is stopped, the
current from the battery is transmitted
to the fine wire coilil D at a rate
of a few hundredths of an amp; 'the effect of coll D is. te keep the
circuit breaker open at H', in'.thHe" position: indicated in the diagram.
Ag soon as ﬁhe generator starts up and begins to furnish power
of a few volts, its current is in invérse proportion to the current
entering coil D, where the voltage begins to decrease and finally
is cancelled. The lever F tilts and produces contact at H!
between the generator and the battery,;

Fig. 173. Diagram of
the circult breaker
designed by Professor
La Cour
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but the current from the generator, which is beginning to /230
charge the battery, is transmitted to the heavy wire coil C,

which has the effect of maintaining the lever F in the p051t10n

at which contact H' remains closed.

If the generator slowsddown and 1ts voltage drops below
that of the battery, the direction of the current changes in
coll C and lever F tilts to the rear and cuts off the current
at H', which returns the circuit breaker to its initial state.

The considerable advantage

of this device is that it
does not consume current

A during operatlon and that it
~Nf\$ operates independently of
f ) ' the voltage of the baiktery

il ’ or the generator within
Wil E J extremely broad limits,
D ¢ 4 24-110 V, for example, It /231

. is highly sensitive and

. completely satisfactory for
F wind motors. Its disadvantage
‘ is that 1t consumes current
when the genenator 1s stopped,
due to the fine wire coil
D. This defect may be
prevented, however, by
placing an automatic switeh
at 2 with branches connected
to the poles &f the generator,
which will allow current to
pass through coil D only when
the generator starts up.

3 shunt generator regulators

+ T - - + -- The regulator produced
' T by the Compagnie Electro-
Mécanique (Report by G.

Fig. 174. Polarized circuit Lacroix, Engineer, Compagnie
breaker operating under a Electro—Mecanlque)
variable voltage ranging from
25 to 110 V. This automatic regulator
is shown in Fig. 175, and its
Key: »j:‘ﬂ*~'j ;g mode of branching in Fig. 175a.
A. Magnet . -F. Contact lever This device serves a three-
B. Armature  G. Weight for fold purpose:
C. Series . . adJustment
winding = HH%.. Mercury-filled 1. It automatically
D. Shunt zontact buckets regulates the excitation &f
W1nd1ng I. Battery = the generator as a function
E. Core J. Generator of the power supplied.

Z., Automatic swiltech
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T 2. It allows the battery to be charged under optimum
conditions for maintetiance of the battery.

3. It protects the installation against certain false
trips.

L. Automatic regulatlon of excitation

The purpose of automatic regulation of the excitation is
not to keep the voltage of the generator constant for any
given speed of the wind motor. Regulation of this type would
be 1llusdry in the case of parallel operation of the generator
with a storage battery, since the voltage at the battery
terminal ranges from 1.8-2.5 V per cell, depending on the
charge state.

The voltage is kept virtually constant due to the fact
that the generator operates in parallel with the storage
battery 4n all cases.((There is no provision for operation
at constant woltage without a battery; moreover, this is
impossible with the device described.)

Regulation of the excitation, as performed by the device,
is actually regulation of the power supplied by the generaftor
as a function of its rotation speed. We know that the power
supplled by a windmill operating at its maximum efficiency
varies as the third power of its rotation speed. It would
therefore be an advantage to have the generator also produce
power proporticnal to the third power of its rotation speed,
without taking efficlency 1nto account. Now, if the excitation
were kept constant, the power supplied to the generator and
transmitted to the battery would increase much faster than the
third power of the rotation speed.

To obtain the correct variation 4n power, it is therefore
necessary to decrease the excltation as the speed increases, /232
or to decrease the excitatilion as the power .irncreases, which
amounts to the same thing.

For this purpose (Fig. 175a), the inductors’.i of the
generator are connected directly to the negative pole on the one
hand and to the positive pole on the other through an automatic
rheostat connected to the terminals B and E of the regulator.
The different sections of this rheostat«end 1in contact studs
g arranged 1n an arc of a circle on the plate of the reghlator
(Fig. 175). A given number of these studs are short-circuited
by an elastlc strip € of one pilece. with a ring ¢ able to move
in a vertlcal direection.

The vemtical motions of the ring c¢ are controlied by a
drive system composed of two adjustable cores a and 3
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attracted by the coils M and M'. The twoccores are connected /233
by joints such that when core a, for example, 1s thrust into

coll M, core a' leavés coil M'. An opposing spring r tends fto

draw the ring ¢ and the core a' downward, with the result that

the elastic stiip e completely short- circults the automatie
rheostat when the device is off.

The two coils M and
M' consist of voltage and
current windings arranged
) in such a way that the :
. sum of the attractlive fevees .
i on the two cores a and a'
is proportional to the
generator cutput. Under
these conditions, when the
output ©f the generator
increases, the ring c
rises until the opposing
force of the spring r
is equal to the attractive
force of the coils M on
the cores a.

The corresponding
motion of the contact
strip e brings a given
humber of studs g and
the corresponding resistors
into the circult, thus
_ producing a decrease in
e the execitatleon current. It

Fig., 175. Automatic regulator is suffidecient to determine

: the values of the resistors
roduced by the Compa e
Electro-Mézanique measnt switched into the circuit

between the different studs
g oncecandffior all to

obtain the output variations
of Bheogenerator as a
function of speed. vl

An adjustable air shock absorber d works to prevent
permanent oscilllations iIn the moving parts.

2. Devices ensuring a correct battery charge'! /234

a) Main switch. The main switch I 1s a circult breaker
which connects the generator and the battery in parallel. It
closes as soon as the voltage from the generator is equal to
that of the battery, and 1t opeéns when there is a very slight
return of current’ from the battery to the generator. This
switch, which serves to open or close the circuit only when
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Branch diagram

Fig. 1l75a.
of regulator (Filg. 175).
Key: G. Generator
i. Inductors
R. Automatic regulator
b. Storage battery
. 1. User circult Ry
o RU ‘Ballast resistor
D. Generator switch
L. Light switcech
fD. Generator fuses
Fr,. Light fuses
V. Voltmeter
A, Ammeter with O
centerpoint

the current 1s low or zero,
contains only ordinary metal
contacts with the addition
of a carbon spark-arresting
contact.

b} Charge limiter. The
charge method wWhich .is. |
knewni.to be optimum for
maintaining the battery is
charging withiincreasing
voltage and decreasing
current intensity. Since
the current intensity
decreases much more than the
voltage increasges, the power
supplied by the dynamo will
decrease constantly during
charging. This charging method
cannot be used with a -
generator driven by a wind
motor, whose output depends
only on the wind speed. To
obtain charging wilth decreasing
current, part of the current
supplied by the generator
must be derived from outside
the battery, for example,
from a resistor R,;. A special
relay U or "chargg limiter™"
thus connects a resistor R
in parallel with the battedy
when the charge current exceeds
a given level which variles with
the charge state, that is,
wilth the voltage at the battery
terminals. The relay U remalns
closed for increasing periods
of time as the battery becomes
more highly charged. When
the battery has been completely

charged, the relay remains closed and all the current from the
generator i1s transmitted to the resistor Ry¥.

Since the relay U must open and c¢lose the clircuit of the

resistor R

during charging, dn addition to ordinary metal

contacts ig has a mercury contact-breaker in which the opening
and closing sparks occur.

3.

a)
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The discharge limiter C prevents excessive dlscharge from
the battery. It consists of a minimum-voltage relay which
Opens when the voltage at the battery terminals reaches 1.8 V
ber cell (end-of-discharge voltage). Since this relay is
bPlaced inside the plumbable cover of the assembly, it cannot
be closed by hand once it has been openedy, which gives
complete assurance that the battery will not . - run down.
It closes automatically at the same time.as the switch I
when the battery has been recharged, and it remains closed /235
as long as the battery voltage 1s higher than 2.8 V per cell.

b) Voltage limiter

When the charge circult of the battery is interrupted
for any given accidental cause, the speed é¢f the wind motor
increases whille the ring ¢ drops; short-circuiting the
excitation resistor. For these two reasons, the voltage of
the generator increases in considerable proportions (3 to
4 times the normal voltage). The coils and resistors of the
regulator, which are set for normal voltage, would quickly
be put out of operation if a "woéltage limiter" relay
positioned inside the regulator under the plate were not
available to short-circuilt the induectors i and thus quickly
cancel the generator voltage. The operation of the relay
at the same time opens the relay C, thus triggering a break
in the current which warnsathatitheilsystem is malfunctioning.
Once relay T has operated, it remains blocked by a mechanical
lock. Normal operatilon can be resumed only after the cause
of the malfunction has been discovered and the relay has been -
unlocked by hand by means of a speclal knob on the lower part
of the regulator.

Regulator of the Société d'éclairage des VEhicules sur Ralils
(E.V.R.) [Railway Vehicle Lighting Company].

This device, shown in Fig. 176, includes: 1) a highly
sensitive circuit breaker d, with a fine wire coil (connected
in parallel with the generator) and a heavy wire coil
{connected 1n series %o.bhe battery charge circuit); 2) the emer-
gency ' clrcult breaker c; 3) an auvtomatic rheostateregulating
‘the excitation or the inductor coil of the generator..

Thls regulating rheostat.:consists of a solenoid coil s
containing a moveable iron core. An extension n of this
core plunges into a mercury-filled cylinder whose dlameter is
slightly greater than that of the core n.

b,

This eylinder consists of a given number of iron washers
separated by insulating washers, each of the iron washers
being connected to one of the turns of the rheostat e.

The induetive current enters through the bottom of a
mercury cylinder and leaves through the upper end of the
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rheostat e. When the iron core of the solenoid descends into

its cylinder, the level of the mercury rises and makes contact

with the upper washers forming the walls of the cylinder. As

4 result, an increasing number of turns of the rheostat e azne
disconnected as the iron core is thrust farther into the /236
mercury cylinder.

At r there are additional resistors for the coil of the
solenoid s allowing it to be adapted to variocus voltage levels
for the generator current.

This device makes it possible to regulate the output of
the generator without #nordinate variations in its voltage.
This type of regulator, which for some time been built for
the lighting generators driven by the wheels of rallway cars,
has been specially adapted to wind motor generators.

] élgfm,rz-gﬁm;ﬁﬁ ' Regulation by a clutch or

v , friction-coupling

L el : The Adler, F. Koster
i , Company of Heide, Holstein,
T § has patented a friction-
b - coupling of the gradual clutch
S i type whilch can be used to
dw {1 C. - ; regulate the driwe power in
i‘ ' such a way that & slidifig.:
e - ! effect is produced when the
e »‘ n speed of the wind wheel
N exceeds a given maximum. A
b , , possible critieism of this
] ' system is the heating of its
| e parts and the inevitable wear
p o : : : and tear on the friction
\_ N surfaces, but specilal construction
W orr it mimscasmmnec « « drm i and compensatory devices will
— | eliminate or diminish these

Fig. 176. The regulator drawbacks. :
of the E.V.R. Company

Regulation by variable&tension /237

belt.

. To regulate the actlon of
the wind wheel on the generator, Professor 'La ‘Cour has invented:

a pulley with lever, schematically .shéwn in.Fig. 177, after & . ‘
sketch+by Commander Riet. If there is an excessive increagse .. "
in the wind speed, the return pul¥éys c¢ belng mounted on a

lever db, the vertical belt vv' slides over the pulley c.

The adjusting welght 1 and the weight of the pulleys ¢ place

the bélt vv' under a glven tension; when the pull of the

tight side v' attains the level of this tension, the belt
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slides and the power transmitted no longer increases.

One disadvantage of this procedure appears to be considerable
fatigue for the belt vv' due to the friction to which it is
subjected by the pulleys.

- Regulation by gravity

IQ— Commander Riet has
drawn attention o a method
-IBH of accumulating work
! designed by the German
engineer Max Gehre. This
consists in using a windmill
to raise a suitably calcustatd
alted weight, which is then
allowed to droeop slowly; this
system ensures the regular
operation of the generator
producing the electric
light necessary for the
Busum lighthouse in Holstein.

Fig. 177. Regulation The energy from a wind
by variable-tension belt motor may adso be used to
elevate water or fine dry
Key: a. Wind wheel sand which is then poured /238
vv'!'. Vertical belt over a bucket wheel (or
¢. Return pulley water turbine) which drives
db. Lever articulated the generator,
at fixed point
d Description of the 1500-
1. Counterwedght 2000 W wind geperator of
adjusting the the Compagnie Electro-
tension of the Mécanique (Report by G.
belt Lacrolx, Engineer, Compagnie
hh. Horizontal belt Electro-Mécanique).
m. Generator
1. Circuit breaker This 1500 W wind
ajy. oStorage battery generator has been designed
r. Charge and discharge to meet the most frequent
reducer needs of small-scale

agriculture. It is able

to start under a wind speed
as low as 2-2.5 m/sec, operates at full capacity at 5-6 m/sec
arid continues.to rotate even under storm winds of more than
12 m/sec. Since the average annual wind speed in France is
approximately 5 m/sec, this generator can be used successfully
in all areas. It operates completely automatically and
requires no monitoring. Maintenance merely consists of
lubrication once a year. An automatic centrifugal-force
brake completely prevents any accidental overspeed of the
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windmill, which thus 1s able to operate without risk of any
king.

~ The blades are able to
“~ // tolerate a speed of 150 rpm.
Y Due to the small area they offer

e Ty to the wind, they are able %o
¢ - N withstand the most violent storm
v, M WindS .

It is poessible to obtainnan
output of 2 hp from the battery
alone,nard 3-4 hp from the wind
generator operating in parallel
with the battery.

A 1500 W wind generator
installation includes:

1. The electric generating
unlt per se, which conslsts of
a wind nmotor with four blades
8 m in diameter, diiving a
generator by means of a multiplying
gear train (Fig. 178).

2. The power regulating devices:
: st an automatic excitation regulator /239
Fa — for the generator, a storage battery,

Fig. 178. The Darkieus and measuring and safety devices
wind generator installed in a sheltered site some
distance from the wind motor.

The various units, including the generator and multiplying
gears, which make up the electrical generating unlt are
installed together in a sheet-metal casing forming a single
unit and mounted on a pole or pylon.

Generator

This jg:an.ordinary dec generator. wWith ' switching poles, whose
power and voltage may be determined 1n each specifilc case as
a functlion of the average wind speed in the geographical area
dnvolved and the type of service for which the installation is
designed. For example, when 1t is to be used merely to light
a given bullding or area, particularly a humid building such
as a stable, it could be advantageous to use a falkly low
voltage of 24, 48 or 65 V. However, given the high cost of
low voltage metors, 1t will be necessary to choose a higher
voltage of at least 110 V when the 1nstallation is also
interided to produce motive power. The choice of voltage has
vibtually no influence on the cost of the storage battery.
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The following description specifically pertains to two
installations, one 24 V and the other 110 V, which have been
tonstructed.

The generator is designed to operate at full capacity
beginiing at 500 rpm. At this speed, however, the power
supplied by the windmill 'is 1nadequate to excite the generator,
even with no load (8 A at 24 V, that 1s, approximately 200 W).
As a result, in practice the generator is used only at speeds
of 700 rpm or more. The maximum speed the generator is able
to tolerate 1s 3000 ppm.

The rated output ef the generator i8-1200 W, corresponding
to a current of 50 A at a voltage of 24 V, or 1laAsnat 110 V.
However, the types of generators used hawe a wide range of
operation, and in steady-state operatlion between 1500 and
2000 rpm, they are able to deliver 1850 W (70 A at 25.6 V
or 15 A at 125 V).

During the tests, the generator frequently tolerated peaks
of more than 3 kW without without-evidence of overheating. -This
high tolerance for overloads is of prime importance for a
generator driven by & wind motor. It allows the windm#ll to
withstand, without risk of overspeed, the brief gusts which
may occur, even when the average wind speed seems to be fairly /240
low, and during which the tower supplied by the wind motor
may be much higher than the rated output. This 18 shown by
the diagram in Fig. 179, which represents the current generated
byua 24 V generator for 1/4 hour on March 18. 1927, from
11:30 to 11:45 a.m. It may be noted that the average current
is approximately 25 A, corresponding to half the rated load
of the imstallation, while within a three-minute interval
a succession of gusts has produced anyincrease in the current
to 97 A, which, taking the correélative increase in voltage into
account, represents power of more.thantwice. the ratedodutput.
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Multiplying gears

The gear train, with an intermediate shaft, consists of
two sets of gears with straight spur teeth, carburized and
Straightened by the Maag process. In each of these sets, the
Wheel has 58 teeth and the pinion 13 teeth, with the result
thatithe multiplication ratioc is quite elose to 20. The
main shaft, at whose end the windmilil blades are mounted,
is in line with the secondary shaft which drives the generator
through an intermediate four-pin coupling. The intermediate
shaft is located to one side. All the shafts are mounted on
ball . bearings.

The gears and bearings are contained in a water-tight,
0il-filled gearbox through which only two shafts are able to
pass, The splash lubrication requires no supervision. - The
01l need only be changed from time to time, once a year, for
example. An easily accessible oil level reveals any accidental
leakage.

Wind motor /241
The wind motor has four ddentical wooden blades affixead
to a cast hub. Each blade is double, . . consisting of a large
blade 4 m long which receives the initial thrust of the wind,
braced by a shorter blade. The two blade elements are connected
by two spacers. In this way, maximum resistance to the thrust
of the wind is obtained without any necessity for the tension
adjusters or brace rods which are widely used.

The underilying theory for thls wind motor was given in
Chapter 5. As we stated there, the fish-shaped profiles of
the vanes have the advantage of automatically limiting the
power supplied by the windmill at any given wind speed.

Of course, this automatic speed limitation depends on,
the use of a generator with appropirlate characteristics and
involves the assumption that there are no electrical breakdowns
in thls generator (break in excitation, ete). It 1s therefore
necessary to provide an automatic safety brake capable of
stopping the windmill when its speed exceeds a set value.

Automatic brake

This band brake acts on a small-diameter cast drum keyed
into the secondary shaft of the multiplying gear #rain. It
may be controlled manually from the base of the post By means
of a metal cable for starting and stopping the wind generator;
a centrifugal force device operates the brake automatically
when the speed of the windmill exceeds a given value, which

prevents overspeeds when there 1s a failure in the generator.
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The brake is not designed for long-term operation. It
should be used only to astop the windmill, and in no case
- should any attempt be made to use 1t to moderate the speed of
the windmill during high winds.

Reguiéting“é$Semny‘,

The regulating assembly used by the Compagnie Electro-
Mécanigue for wind motor installationshas been desecribed
earlier.

Battery

Fhecicharacteristics of the batteries used for the Bourget
tests were as follows:

A fype ETP 6 24 V 12-cell battery manufactured by the
Travail Electrique des Métaux (T.E.M.)[Electric Metalworking
Company ], wilth & capacity of 180 A/h and a maximum charge current
of 50 A.

Type SA 9 110 V 55-cell batteries manufactured by the
Fulmen Company, with a capacity of 140 A/h; rated charge current
16 A,

The capacity of the battery may be reduced to a level /242
corresponding to the rated output of the generator (capacity in
A/h equals ten times the rated current of the generator).

U . — e

Fig. 180. Mechanism of the Darrieus wind generator

Fig. 180 is a photograph of the head of this wind motor.
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gouvernement danols pour la mécanique
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cn a Mammouth windmill 16 m in diameter. The
theoretical outputs in hppand in kW are
constant up to a wind speeddof approximately
11.40 m/sec due to the dystem for adjusting
the su¥face area of the wvanes.

Key: a, Kilowatts
b. Wind speed in m/sec
c. Theoreftlcal output of windmill
4/ Output of windm&#ll in hp
e. Production of generator in kW
. Horsepower
Graphs of the perfermanceof a vertical-shaft turbine /244

The graphs given in Fig. 182 were obtained during the day
on October 12, 1929, by Mr. Lafond, a Montpellier constructor
whose assemblies wereidescribed in Chapter 7 on "Pananemones."
The 1installiatdion consists of:

1. A Lafond wind turbine with a diameter of 3 mand
a helght of 3 m, mounted on:

2. A metal pylon ralsing the turbine L4.50 m above
~ground level;
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Miscellaneous information

E-CAPACITY OF WIND GENERATORS /242

Output 1in Voltage Use
W
. e e~ Lights on
o —rat the .«
- iame time
to h
?O% 24 per dgy
§QQ 24-32-55-110 12 Electric boller, sharpening of
600 32-55-110 1ron
600 32~55-110 25 1/2 hp motor, boiler, sharpening
of iron, etc
1,500".= 140 36 1 hp motor and small electrical
appliances
2,500 110 60 2 hp motor
4,500 110 100 3 hp motor
200 5 hp motor

(After the Cyclone Company,:. '
Compi&gne

ANNUAL COST PRICE OF ELECTRICITY SUPPLIED BY GASOLINE ENGINE, /243
WTHE PUBLIC POWER NETWORK AND A ONE kW "CYCLONE" WIND MOTOR
OPERATING SIX HOURS A DAY

Gasolifedengine ' . 03 "Cyelone" wind motor
per . ip per per
day year yvear
Fasoline 2 hp  wl a
énginesiy 1oy
1 £
gasoline.
for 6 h:
6 "% at 7
1.80 -~F/% 10.80 3,888 15 % 0il at 4 F/ 2 60
Lubricas oy«
tion: 1/2 ¢ o0il )
at 4 Fi/g 2.00 720 4 kg grease at 6 F/kg 24
Labor: 1 hat 2t H
F'/n 2.040 720 20 h at 2 ‘F/n 40

i [Table continued on next page]l
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[Table contifhued]

Gasoline engine "Cyclone wind motor"
per per per
day year year

Maintéenance: 220 , 190
Total per year 5,548 Total per year 314

Annual cost price of electricity supplied by the
public power network:

6 kW x 360 = 2,160 kW at 1.70 F = 3,672 F.

3. A 30 V, variable speed dC . generator, completely
screened and directly connected to the main shaft of the turbine;

4. A 30 V, 100 A/h cadmlum-nickel storage battery.

This type of storage battery, which remains completely
charged in an open c¢ircuit, does not sulphate, is able to
tolerate extremely variabde charges and discharges and requires
virtually no maintenance.

5. A circult breaker and a complete panel including
switehes, an ammeter, a voltmeter, a counter, etc.

An installation of this type is able to power 8 20 W /245
lamps for three hours a day, for example. This represents the
normal lighting for a plant, farm, villa, country-house, etc .,
with 15-20 lamps installed, but not lighted all the time. 1Its
cost 1s approximately 32,000 F, loaded and ready for shipping
from the plant.

Examples of wind generatorsinstallations (extracts from a
conference with Commander Riet )

A) The La Cour installation in Askow (1903).

This generator powered 450 incandescent lamps, two are
lamps and two electric motors. The balance sheet was as follows:

a) Purchase price and installation costs (1ncluding
property, structures and backup motor) 16,000 crowns

b) Utilization costs per year 564 crowns
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Fig. 182. Lafond turbine: graph of variations in
wind speed during the day on 10/12/29. Graph of
variations in the correspconding charge current.

Key: a. Anemcmeter No. 1
b. To be placed under other end
¢. Sheet number [blankdfof [blank], 1929
d. Ammeter

¢) Annual revenue, 5,000 kWH at 1-1/2 crowns/kWh 2,500 crowns
d) Net profit: 2,500-564 = 1,936 crowns, that is
approximately 12% of the invested capital.
N.B. -- The Danish crown was worth 1.50 F in 1903.
e) Cost price per kWh:
_564 =
55000 0.1148 crown 0.1692 F,
d) Sale price per kWh: 1/2 crown = 0.75 F.
f) Period of amortization of capltal:

16,000
B . 1935
ShE Proportion of dost tnvolved in production of backup
motor: 400 kWh, that is, 400 x 100 = 8% of the total
5,000

= 9 years (in round numbers)

production.
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B) Installation of the manorial estate of Lindenbussch,
close to Pyritz, Saxony (1912).

This assembly coperated without a backup motor.
The general arrangement was as follows:
1. Driven directly by mechanlcal transmissicon: a mealer,

& chaff cutter and a crusher lécated in the immediate proximity
of the wind motor.

2. The output from the storage battery was used to power:

a} 135 metal-filament lamps lighting the chateau and the
farm buildings.

b) by a 3 hp electric motor, the centrifugal wheel of a
butternchurn, the pump of a well and a chopping machine for
animal provender.

c) by a second 4 hp electricimotor, the motor of a band saw,
a sculler and a lathe in the wheelwright's shop and a boring
machine, a lathe and two bellows in the forge.

Here 1s the information glven by the owner on the economic
efficiency of this installation:

a) purchase price and installation costsa 25,000 marks
b) utilization costs, including interest and
amortization of invested capital 2,500 marks
¢) annual eleetrical consumption: 11,755 kWh
d) Cost price per kWh:
2,500

| VTI9755 = (0.212.M, that is, 0.265 F.

Since” the interest and amortigzation are ancluded in the
utilization costs, the amortization will be completed prior to
the tenth year of service, and from that time on.the supply of
electricity will be virtually free. We have seen that this
result was obtalned in Askov after nine years.

Moreover, this decrease in cost to a viértually free
supply of electricity is characteristic of all wind generator
installations. Their basic advantage 1s economiec.

The current increase in ecosts, which affects thermal power
plants as well as this type of installation, does not diminish
this advantage in any way, since wind atill remains a free
energy source.

Note -- the above costs are glven in gold francs, the
prewar currency.
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Ground lighting of aircraft routes

This 1nwolves setting up a large number of wind motors,
each driving a small generator which charges a storage battery,
along regular commercial aircraft routes and in areas without
public electrical networks.

A lighthouse or beacén is installed onh a pole above the
py¥lon and the wind wheel and a suitable clocking mechanism
turns the beacon on in the evening and off in the morning.

The generator is at the end of the wind wheel shaft, with
sultable gearing. I

The storage battery i1s installed in a heat-insulated box
on a platform at a given height within the pylon, which is
constructed of galvanized steel angle irons. The cells éf this
battery contain an extremely large reserve guantity of acidiiluous
water, the glass cell-boxes being nearly twlce as high as the
plates, which are provided with long connections to pass over /247
the cell-boxes. The welght of the battery contributes to the
stability of the pylong --.

The voltage is 12 ¥V, there are six cells, and the diaméter
of the wind wheel is no more than 3 m, which 1s more than adequate,
since the batteryineed only power a single lamp.

The above information was furnished by the Etablissements
Cyclone, which hastispecially researched and developed these
assemblies.
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Chapter 12

SPINNERS TO POWER AIRCRAFT GENERATORS

Airplanes are equipped with a generator to power their /248
lighting and radio systems. 1In large alrcraft, this generator
is provided with a small gasoline engine independent of the main
engine, but in small and average-sized assemblies, this generator
is driven by a spinner which is a small wind motor driven by the
pressure of the air displaced by the aircraft. '

There are two types of spilnners.
One #s a single-blade airserew .
(Fig. 183-a), whose angle of attack
is modified, depending on the speed
of the aircraft, by a balancing
counterweight ¢ which slides on a
rod and acts on the pivoting blade
and is returned to normal position
by a spring r. The other type is
a two-blade -rairscrew (Fig. 183-b)
whose swiveling blades are controlled
by a centrifugal regulator r.

Fig. 184-A shows the self-
regulating device (Aéra Company) of
a single-blade -gdrscrew, C, attached
to an arm B which passes through a
sleeve keyed into the generator /249
shaft. At the end of this arm is
a counterweight D and two other
weights M attached to an oblique rod E. A& spring R attached to
the arm B tends to bring the rod E parallel with the shaft, that
is, to draw it toward the shaft; the higher the rotation speed,
the closer the rod E approaches a position perpendicular to the
shaft of the generator, which increases the angle of the air-
screw blade and keeps the rotation speed roughly constant and
independent of the wind produced by the aireraft.

Fig. 183. Spinners
and aircraft generators

With a 40% wariation invwind speed, the rotation speed
varies merely by 5% and the assembly weighs only a kilogram.

Fig. 1843D shows a generator used for lighting, heating
and charging storage batteries on airplanes. The output is
500-1200 W and the voltage 16 or 24 V. This is a de - assembly
with voltage regulator.

The airscrews . of splnners designed to power auxiliary
machines such as generators, alternating generators for radilo
transmisédon, pumps, and photographic magazines have two blades
whose angle with the ground is adjusted by means of index-marks
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Fig. 184. Airscrews and generator manufactured
by the Aéra Company

graduated in degrees on the steel hub., The blades are wood and
are 0.60 m in diameter. (Fig. 184-C),

At atmospheric pressure on the ground, the output of this /250
spinner is:

3.4 hp at 120 km/h
5.8 hp at 150 km/h
9 hp at 180 km/h

The output decreases with increased altitude.

-~To 1light on-board assemblies such as clinometers, compasses,
map cases and angle, sideslip and stall indicators, the batteries
"o« Storage batterles may be replaced with a very small, low-
voltage generator (4#-5 V or 0.5 ampere) weilghing only 1100 g}(Fig.
184-B), driven by a spinner with blades which can be oriented by
means of a cable hand-held by the pilot (Aéra Company).

. The use of spinners has the following drawbacks: the
necessity of placing the generator outside the cockpit, poor
mechanical efficlency and .. lowering of flight characteristics.

(see: Plerre Frank, La T. S. F. dans 1'aéronautique

229



[Radio communication in aeronautics]i;Suffrin-Hébert et Jarry,
Construction'deS'avions”[Aircraft design]; 1l'Equipement
electrique [Electrical equipment], Puteaux, Seine, and the Aéra
Company, Paris.
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Chapter 13

PROFPULSION OF SHIPS BY WIND MOTORS

The concept of propelling ships by means of a wind wheel /25®
replacing the sails is of fai®ly ancient origint. In his book
Initiation aux progrés récents de al Mécanique des fluides
LIntroduction to Recent Advances in Fluid Mechanics ], kFlxlyiDanrieus
mentlons an invention by the Frenchman du Quet in 1714, and
reproduces an old engraving (Fig. 185) which shows the propulsive
assembly consisting of five trapezoidal salls mounted on-the
spokes of a large wooden wheel in a vertical plane.

. In 1923, with the aid of the

Office national des Inventlons [National
ET L Office of Inventlons], Constantin
o was able to adapt a two-blade air=
,,;\ screw to the ship Le BolscRosé, shown
;) in the photograph in Fig. 186.

in

A
<

This ship, which weighed close /252
to 6 t, was e€quilpped with a wind
propeller 9 m in diameter, which,

/ through a system of gears and a
A clutech, drove the ordinary ship's
propeller in the water. The speed
- : LT of the ship was approximately 1/3
J the wind speed; under an 8 m/sec

I L
C A
‘_,-
.

‘ : — wind, the ship reached a speed of

Fig. 185. The du Quet 5.70 m with a tail wind, 6 m with a

ship, 1714, head wind and 6.50 m in a cross-wind.
The wind propeller oriented itseaf
auvtomatically.

Unfortunately, this remarkable test assembly foundered
during towing at sea. It{sspropeller is stéred in the Office of
Inventions in Meudon. However, with this system Constantin
was able to obtain a speed of 20 km/h with a mechanism which was
always ready for operation, not requiring the difficult and
dangerous manuevers necessary for sails, and much more solidd
than: the latter.

It is regrettable that these tests were not resumed, since
the wind motor propulsion system made it possible to sail in
a stralght line without having to tack before the wind.

A ship equipped with cylinders rotating on vertical shafts
driven by the friction of the wind, in ¢onformity with the /253
theories known as the "Magnus phenomenon" (see the book by Darrieus
cited above) was invented by A. Flettner. This invention does
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not seem to have been followed up (see also Lafay, Contributicn
expérimentale a 1'Aérodynamique due ¢

due €ylindre et § 1'étude du
pherioméne de Magnus [Experiments on the Aerogyrdamics-of Cylinders
and REsearch on the Magnus Phenomenon], Dunod, 1912, 5,60 F.
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Chapter 14 .
MEASUREMENT%DEuTHE SPEED AND POWER OF WIND

In constructing a windmill, it is necessary to locate the /254
best possible site, that is, one in which there is as much
wind as possible and eddies are at a minimum. In an ideal
installation, there should be no obstacles, even ones whiéh
are not as high as the wind wheel, within a 150 m radius from
the pylon.

I 7:Eddies are caused by surrounding obstacles such as
mountains, hills, large trees, houses, towers, steeples, etc.
We have seen installations in which a large reinforced con-
crete tank had been placedjguite close to the steel pylon
on which the windmill was mounted, which definitely would have
a detrimental effect on the efficiency. -

Determination of the height at which the wind wheel
should be placed 1s extremely important. Generally, the wheel
will receilvedgreater thrust from the wind and will have fewer
eddles to contend with as its elevation increases. The
following differences according to wind speed are the result
of experiments perfommed at the Eiffel Tower in Paris by the
Bureau météorologique: .  ...00T o T v

Average wind Average wind Ratio of

speed at a speed at a the

height of 300 m height of 20 m speeds
Hot season 7.05 m 2.24 m 3.1
Cold season 8.19 m - 1.80 m 5.6

This table shows that there is always a considerable
advantage in placing the wind motor on an eminence on an /255
extremely high pylon. If this motor is designed to supply
water o a tank, the best solution is obviously to construct
this tank on a reinforced concnrnéete tower and to mount the
steel pylon atop the tank.

Onecshould take into account the wind speed at the same
time at different helghts; this can be determined by means of
. fixed - or portable recdrding anemometers operated over a given
period of time. A few of these devices will be described
below. If should be noted that the costs involved in building
an extremely high pylon are quickly recovered by the inerease
in power of the wind motor.

233



Spinner-anemometer designed by Dr. Robinson

Invented about 50 years ago, this simple and durable .
devlice 1s thoroughly adequate for the deterfm:’!natlpn- of wind speeds for

the construction of wind motors.

It consists of an extremely light spinner, sometimes
constructed of aluminum, equipped with four hodlow semi-spheres.
The wind has a greater effect on the hollow face of the semi-
spheres than on the curved face, with the result that the
splnner always turns in the same direction without any need for
orientation, provided that it is Kept in a horizontal position
(Fig. 187).

Its reotatlion speed under a
given wind speed increases as
its diameter decreases., A
model designed by the Jules
734 Richard Company performs four
] turns per meter of wind.ispeed;
it is equipped with a rotation /256
counter and a second chronometer.

To' facilitate courmbing. -« .

of the rotations, one of the
hollow cups is painted white and
the others dark green. The
spinner is mounted on a pivot

' ' ~'at the end of a staff approximately
Fig. 187 to 190. 1.60 m long. The device may be
Anemometers. equipped with a counter and an
instantaneous electric transmitting
system making it possible to
transmit the wind speed data to
a remote recelver; this is the
model shown in Fig. 187.

The Jules Richard portable anemometer (Fig. 190).

This device consists of an extremely light and strong
aluminum spinner which 1s able to operate under very low as
well as very high air speeds without deforming, due to the
shape of the blades. The shaft, a perpetual screw, meshes
with a small wheel whose shaft is long enough to transmit its

motion to an integrating counter contained in a hand-held..
watchcase. s ’ =

In contrast to anemometers with counters placed in the
center of the splnner, this arrangement has the advantage of
producing no eddies and leaving a completely free space for
the passage of the air. ' ‘

234



To take measurements, the dlsengaged anemometer 1s
carefully oriented in the direction of the air current. Care
is taken to place the needles of the counter at zero, or
merely to note the figures indicated. The spinner is engaged
Wwith the counter by pressing with the finger on lever A; at
the same time, the starting time is noted on a watch with
second hand. The anemometer is &llowed to rotate for 10, 20
or 30 seconds, or even a minute, and the number of meters is
read directly from the dial. '

In the model with a second-counter, this counter, first
set at zero, automatically goes into operation when the
anemometer ls started.

Fig. 188 shows a Richard anemometer equipped with an
automatic rudder, designed for permanent installation in a
meteorological station or semi-permanent installation to
analyze the wind system in an area being considered for the
installation of a wind motor. In this case the assembly is 4257
connected to a recording receiver by electric wires powered
by a storage battery, as shown in Fig. 191. Other assembliesa
including a rudder-anemometer and a system for recording the
directlion and speed of the wind may also be constructed.
However, these assemblies, whose cost is fairly high, are used
enly for meteorolegical stations.

The GuiDgloz portable pendulum anemometer

This anemometer (Fig. 193) 1s composed of a pendulum
consisting of an aluminum sphere which oscillates within
the plane of a graduated quadrant; each graduation gises a
wind speed in m/sec. This quadrant 1s mounted on a rod whieh
rpasses through the sleeve of fhe assembly. The bottom of
this rod is mounted on a plvot, and the Top on a ball bearing.

A The assembly orients itself automatically to the wind;

a counterwelght attached to the rod brings the center of

gravity of the moveable assembly over the axis of the rod.

The sleeve of the assembly is designed so that it can be 258
disassembled to make the anemometer more compact for transport.

This anemometer has the fundamental charkacteristiecs of
a reference:

1. Its graduations do not depend on any special coefficlent.
2. Its readings are always the same, ,comparable to each
other and comparable to those of another instrument of
different dimensions built on the same principles.

Finally, it is easy to reproduce since its dimensions
and graduaticons can be determined completely by calculation.
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If an extremely light hollow

sphere is allowed to drop in free
] fall from a high point in a
perfectly calm atmosphere, the
speed at which it falls will first
inerease .and then tend toward a
constant speed which is termed the
1limi¢ rate of descent v.

The 1limit rate of descent
depends solely on the weight and
volume of the hollow sphere. That
used in the assemblies constructed
by the Jules Richard Company has
a limit rate of descent of
approximately 10 m/sec which is
obtained after 14 m of fall,
piits or minus 1 cm.

i EtCERfEyA
! LNALLI3TRINA

For this period of descent,
the effect of the air R 15 equal
to the weight P of the hollow
sphere, and the followling may be
written (Fig. 192):

‘ - P = R = KSv2 and as a result,
Fig. 191. Installation Y
of a "anemoxkinemograph" vE = it
of average wind speed RS
with a elock indicating

ever 0 I wi
J. %izﬁagg)m of wind However, if the sphere is

suspended from a balanced rod and

exposed to a wind ofiecspeed V, the

b. Receiver/ pendulum formed in this way will
recorder deviate from the vertical by a

c. Batteries given angle o, as shown 1n Fig. 192.

As it moves in this way, the

hollow sphere is subjected to two

forces, its own welght and the

thrust of the wind; these two /255

forces produce a résultant whose

direction is an extension of the

suspension rod. As a result:

(1)

Key: a. Transmitter

R = KSV2 = P tan a,

e N e e

and consequently,

> _ P
V ‘_S tan o.

Fig. 192-193. The
Daloz anemometer

236



By replacing ng with 1ts value vzlgiven by Eq. 1,

one obtains:

2 = v2 tan o (2)

which yields the speed V as a function of the limit rate of
descent v.

At o = 45°, tan o = 1 and V = v.

This means that the speed which causes the sphere to
deviate 45° is precisely equal to the limit rate of descent
of the sphere.

One can see from the preceding that the exact graduation
of the assembly has been determined; to do so, it 1s sufficient
to enter the walues of V determined by Eg. 2 at the vertices
of angles al, a2, a3, etec.

Bell Anemograph (F. M. B. System) (Courtesy of the Aéra
Company, Paris).

This device, shown in Fig. 194, is derived from the
recorders used to measure the flow rates of industridal gases.

It consists of two parts:

14 An antenna, which should be placed atop a pole in
an area as free of surrounding obstacles as possible.

2. The receiver/recorder connected to the antenna by
two systems of pipes which should be as straight and direct
as possible and may be constructed of iron centralitheating
pipes.

The antenna consists of a pivot attached to the supporting
post by a sleeve and serving as a shaft for a swiveling head.
The latter is equipped with a dynamice pressure inlet and a

static pressure inlet which are kept in the eye of the wind /260

by means of a rudder. The pipes transmitithese pressures to
the receiver which 1is responsible for converting them into
speeds.

The receiver is a bell manometer compdsed of a tank A
containing a moving bell B connected to a pen C which enters
the motions of the bell on a recording cylinder D 150 mm
in diameter.

The inside of the bell B receives the dynamic pressure,
while the outside, that is, the free part of the tank, which
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iskept impervious by a small
hydraulic jolnt E, communicates
with the static pressure inlet.

When the wind acts on the
antenna it provokes a difference
between these pressures H-H' =

s y2g |
v §gggﬁ the bell would rise to

its possible level dndresponse
to this pressure difference were
it not for a balanced float
which is buoyed up and weighs
down the bellcas 1t attempts to
rise,

Thus the bell finds an
equilibrium position for each
pressure differential, and the
tracing produced by the pen makes
it possible to adjust the successive

- pressure values, that is, the
Fig. 194. Bell h speed V. A suitable shape for the
anemograph {(Aéra flow makes 1t possible to choose
Company ) ' a uniformly decreasing scale such
that the speed graduations are
equidistant.

The densitivity of the device 1s quite high, given the
crosgs- section of the bell and the fact that it moves without
mechanical friction or play.

Finally, the simplicity of the parts and thelr maintenance.,
which merely consists:in maintaining the correct water level
In the bell and the jolnt at the cap, permits wide distribution
of this device.

The graduations are from 2-25 m/sec. The recording cylinder
makes a complete rotation in 24 hours.

Calculation of wind pressure

Here the formula is as follows:

P = ‘K% sV2,4
in which 4 is the weight of a cubic meter of air, which
varies with temperature: 1.193 kg at 0° and 1.186 kg at 15°.
These weights are measured at the mean atmospheric pressure
of 760 mmHg.
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g is the acceleration of gravity, which is 9.81 at sea
level and decreases in proportion to altitude;

s 1s the area in square meters struck perpendicularly by /261
the wind;

v 1s the wind speed in meters.

Various values for the coefficlent K are assigned by different
investigators:

Aubuisson assumes: Kg = (.135.

Ferret and Goupil: 0.0622.
Boulvin: 0.122.

If the pressure 1s not normal to the surface.struck
by the wind, these computations must be performed on a
projection of thls surface onto a plane perpendieular to the
direction of the wind, or it must be multiplied by cos ¢, ¢
being the angle between the surface considered and the direction
of the wind.

According to the experiments of Langley and Colonel
Renard and the Eiffel experiments, K should fall between 0.7
and 0.8. In these calculations, K will generally be assumed
equal to 0.8, which yields q

K g = 0.104.

Measurement of wind power

In England ,and Germany, the Beaufort scale is used to
estimate the power of wind:

Wind speed Begu- Wind Visibl
& fort pressure Ch teristi 1?} g
in - e oin scale per aracteristics effects
m/sec mph me
1.5-~3 55 0.5 kg Sligh@ﬁbreeze Pleasant .-%»
o e e stirring of
4 . . ‘ ' air
b to 5 11 1 2.7 kg Breeze Movement of
: leaves
5 to T 15 2 5.0 kg Moderate breeze Bending of
shrubs and
branches

[(Table continued on next rage]
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Wind speed

in
m/sec

in
mph

8 to 9 20

10to 11 22

2 to 14 30

15 tol6 34

17 tol9 40

20tc23 50

58
67

80
90

24 to 28

29 £o 33
34 to 39
40

[Table continued]

Beau~¢..~:; Wind
\fort pressure Characteristics
scale per
me
3 8.0 kg Strong breeze-}
i 13.0 kg Moderate wingd ./
5 19.0 kg High wind h
6 27.0 kg Light storm A
7 40.0 kg Storm 3
8 56.0 kg Heavy storm
9 76.0 kg Violent storm)1
10 103.0 kg Hurricane
11 137 kg
12 195

Visible
effects

Movement of
trees

Breaking of
shrubs and
small branches

Breaking of
large branches
and trees

Compilete
destruction

In France the effects of wind are estimated according to
the following table, after Aubuilsson, who. « computed them by

the formula

P

0.1

Extremely light

wind
Light breeze,

starting of
windmills

Brisk breerze
or wind.
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35 SV2.
Speed %ressure
in m/sec in k/m2
1 0.13
2 O‘5J'I'
leaves
y 2.17
6 .87

Effectswf wwand

No motion of leaves

Slight agitation of

Slight stirring of branches



Heseeniy,

Moderately
brisk wind
suitable
for
windmills

Strong breeze

Brisk strong

wind
Bulted
for
sailing

i

Extremely
strong
breeze

Extremely
high
wind

Rough wind

Storm

Hurricane

Severe
hurricane

[Table continued]

Speed
in m/sec

7
8

9

10
12

15
20
24

30

45

Pressure

in k/m2

6.46
8.67
10.97

13.54
18.50

30.47
54.16

78

122
177

274

Effects of wind

Bending of small branches
Swaying of branches

Bending of branches

DoveleVeake o f" T

Bending of poplars®

Breaking of small branches

Breaking of average-sized.
branches

Breaking of strong branches
Breaking of trees and

damage to roofs

Large trees uprooted and
roofs torn away

Some exceptlonally strong hurricanes and eyclones have
produced winds at speeds of 60-70 m/sec, representing a preasure
The structure of wind motors and the pylons on
which they are mounted must be built to withstand these
extremely rare, but possible wind speeds.

of 500 kg/m2.
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TABLE OF -USABLE WINDS, AFTER THE TABLES PREPARED BY
THE BERLIN METEOROLOGICAL INSTITUTE

One year = 365 days x 24 hours = 8,760 hours

Wind speed Wind speed Number of hours per year
2-2.9 m/sec 831
3-3.9 m/sec 1,350
4-4.9 m/sec 1,661
5-5.9 m/sec 1,722
6-6.9 m/sec 1,287
7=7.9 m/sec 868
8-12 m/sec 720
Total ' usable winds: for.........8,439 hours per year

At speeds of more than 12 m/sec the vanes of the windmill
should be turned aside.

OBSERVATIONS MADE OVER FIVE CONSECUTIVE YEARS BY THE OFFICIAL /263
OBSERVATORY OF SAINT-MAUR PARK (CLOSEHTO PARIS)

Number of hours during which the wind speed 1s higher than
2.50 m/sec

350] 33| 48nf 47

This table shows that there 1s an average of 450 hours
per month during which an efficient wind motor would be able
to furnish motive power; this amounts to 15 hours per day out
of 24. The Paris area, in which these observations were made,
is heavily shielded from the wind by a large :number ofthills.

[T

In Normandy., in northern France and in the valleys of
rivers such as the Rh8ne, the lower Selne, the Loire and
the Gironde, winds are stronger and the average number of
‘usable - poyrs is close to that observed in Berlin, glven in
the preceding table.

This average would be considerably increased on high
plateaus and wide plains. '
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OBSERVATIONS OF WIND SPEED IN DIFFERENT AREAS OF FRANCE MADE
ST OVER TEN CONSECUTLVE YEARS

[ T

0-4 4.8 8-12 Winds of

m/se¢ m/sec m/sec more tha

wind  wipd wind 12 m/sec
Besancon.............. 70 % 25,5 % 2,5 9% 2 %
Bordeaux-Floriar . ... 66,4 9 28,3 % 2,59 > 0%
Brest . ... ... ... 21,0 9% 56,6 45 18.5 9%, 3,2 %
Clermont-Ferrand...... 57,59 27,4 % 0,8 % D0 Y
Dunkerque-Stmaphnre 55,4 %, 36,2 9 8.7 9 1,7 %
Lyon Baint-Genids ., 69,8 9 27.4 % 0,8 97 a9
Marseille.............. 38,19 52,5 %, T4 Y 1,99,
Nantues-Petit Pert ., .. 60,8 9 31,89 4.4 % 39
Paris-Pare 81-Maur. ... Go,2 Y, 29,9 %, 6,7 o0 R A
Perpignan ... . ... eo. DALY, 56,4 % 5.4 % 3,8%
Towlowsse, ... ......... B9, Y%y 35,4 "y 7.4 %% 1,9 9%,

f;J[Commas should be read as periods, in this téble_and
in the one below. == Trans.]
Tests were made over ten consecutive years in Cuxhaven, /264

at the mouth of the Elbe (Germany). According to Riihlmann,
the results were as follows: :

‘f"wm speeds

Ty " 1o 2osel el SoTed Toab soaslio ol 14012 8T
r | ’ : s )
f ‘m/r‘slec‘ F?t :1_?.8'- It.q 2’9_» ;:1 \tow 11:.08 IIFI? 15 % 1.:0,% 1;'.{:’%
' No. of days.
| per-year fox
i which winds| o1 | =z Luws| =5 sl esa| s34 e ] oa

occur _

According to this table, wind speeds of more than 5.70 m/sec
occur during only 144 of the year, while the wind is above i
2.86 m/sec and is therefore -usable  for 3/4 of the year.

Commander Riet has made a special study of the use of
wind motors in Algeria. The following remarks were taken from
a presentation made by him to a conference of the Algerian
Agriculturlst's Association.on June 22, 1926,

"Actually, although i1ts speed varies, wind 1s constantly
avallable. The best indicator &f its direction is the
direction of movement of clouds. If it meets an obstacle,
it turns aside in concentric circles. The radius of each of
these cirecilessiis approximately six times the width of the
obstacle at the polnt at which 1t is enceountered.
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, For example, an alrstream broken up by its impact with
a wind wheel 5 m in dilameter will reform only after it has
traveléd 5 x 6 x 2 = 60 m beyond the windmill. A second wind
motor could not be placed within this distance from the first
Wwithout the risk that the two assemblies would hHinder each
other'!s operation.

The average wind speed needed to drive a wind motor is
between 2.50 and 8 m/sec.

Now, - a¥pstreams retailn their optimum intensity and
regularity at high altitudes, away from contact with the ground
and generally in areas without any obstacles likely to slow
them down or deform or disperse them. These types of areas
include the -seacoast, broad plains, High barren plateaus
and mountain peaks.

Bue to these considerations, the hot dry climate of North
Africa, with intense sunshine and extremely marked temperature
differences between day and night, plus a long seacoast.and
a high average altitude, should make this country ideal for /265
the use of wind energy to compensate for its lack of fuel and
hydraulic power.

This prediction has been fully confirmed by the observations
made at the Algerian Meteorological Institute, whose eminent
director, Mr. Lasserre, has been kind enough to supply me with
information in this regard.

These observations were made over a period of close to ten
years (from January 1, 1916 to September 30, 1925); 19,363
observatlions were made and these may be broken down into:

« - that is, 5,700
gn'funfavorable
wirndwvspeéeds

Wi pidireels

less than.2.50 m/sec .
1,326 relative to excessive speeds of
more than 8 m/sec
13,663 relative to favorable wind speeds

4,374 relative to inadequate speeds of . 'f N

The percentage of usable'épeedS_to observed speeds is thus
greater than 70%, which represents 17 hours of favorable wind
out of 24,

The average wind speed was 5.38 m/sec.
These results were confirmed, with a slight improvement,
- by tests performed at an altitude of 500 m at the Hussein-Dey

Airfield- * and -+ the Algiers Alrport over a period ef close to
flve years.

244



The probability of coperation of a wind motor was, found
to be 78% or 18 out of 24 hours.

4 The average wind speed in meters per second was 5.66.

We might also mention, for the record only, due to the
short time flor which the observations were made (2 and §
months respectively), the data obtailned at the La Sénia and
3étif airfields. R

Average

Field Altltudes % per 24 hp speeds
La Sénia " 200 meters 59 14 hours 5.42 m
500 41 10 hours 5.92 m
Sétif 500 no data available 6.26 m
1,000 no data available 7.30 m

These data seem to be overly favorable for Algeria compared
with those for the Paris area, where tests have shown the /266
certainty of operation for a wind motor without extended, idle
time to be:

“Probablility of operation: 63% or 15 hours out of 24.
"Average wind speed in m/sec: 3.16."

Wind varidtion

These variations, both in speed and direction, oceur so
qulieckly and are ofl:such amplitude that, no matter how sensitive
the orientation assembly may be, there is always a point at which
the orientation of the wind motor is defective. Thus the /267
windmill undergoes stress for which it was not designed and is
destroyed.

To reduce this disadvantage to a minimum, assemblies are
usually designed 5o that they start to operate under a wind
speed of 5-6 m/sec and cease to offer any .2irfoll surface once
the wind speed exceeds 10 m/sec.

Mr, Lafond, a Montpellier designer, has transmitted to us
the obSénvabions«he has made on variations in wind (Fig. 195).

Graph 1 shows variations inwthe direction of wind; it may
be seen that these are extremely fast and may reach con51derable
amplitudes. Graph 2 indicates the speed variations of an
especlally constant wind, and graph 3 those of a highly variable
wind.

i
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Fig. 195. Variations in

wind direction and speed

1. December 9, 1926, direction
NE. %

, March 17,

. SSE

3. April 8,

1927, direction
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